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Abstract
Analysis of Palatal and Airway Dimensions in Patients with Excessive Daytime Sleepiness: A
Retrospective Cone-Beam Computed Tomography Study

By
Daniel Jarrett

Dr. Tanya Al-Talib, Examination Committee Chair
University of Nevada, Las Vegas
School of Dental Medicine

Excessive Daytime Sleepiness (EDS) is the measure of ones propensity to fall asleep
during normal daily activities. It has been reported in 20%-50% of adults in the United States
and is the most frequent symptom of patients presenting to sleep clinics. EDS is the result of both
primary hypersomnias such as narcolepsy and idiopathic hypersomnia and, more commonly,
secondary hypersomnias such as sleep deprivation, psychiatric conditions, medications, illegal
substances, and obstructive sleep apnea (OSA).
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The etiology of OSA is multifactorial. Collapsibility of the upper airway is influenced by
both neuromuscular tone and craniofacial anatomy. Common predisposing factors for small
airways include obesity, bony anatomical structures that reduce and impede the airway, and in
children, oversized tonsils and adenoids. Maxillary dimensions have been shown to have a
relationship with upper airway dimensions. Craniofacial growth and development relies on nasal
breathing to produce a continuous pressure for the lateral growth of maxilla and for downward
palatal growth, however, in mouth breathers this stimulus is lost and ultimately results in altered
craniofacial growth that is observed extra-orally as long lower facial height (adenoid face), lip
incompetence, and constricted alar base. Intraorally, the findings typically include a narrow
maxillary arch associated with a deep palatal vault. Some studies have shown that patients
presenting with a narrow maxilla also exhibit constricted nasopharyngeal dimensions and altered
respiratory function and other studies showed that there is a strong relationship between airway
obstruction and a high palatal vault.
Reducing the high number of undiagnosed patients with OSA ultimately relies on health
care providers taking a multidisciplinary approach to screen for patients who exhibit the signs
and symptoms of OSA and refer these patients for proper diagnosis and treatment. Orthodontists
are trained to treat dental and facial skeletal discrepancies and, therefore, play a large role in
identifying patients who have or may develop breathing problems. In 2019, the American
Academy of Orthodontists released a White Paper regarding the role of orthodontists in the
management of OSA and strongly suggested that orthodontists screen for OSA during an initial
exam by assessing various risk factors such as body mass index, nasal obstruction, excessive
daytime sleepiness and refer at-risk patients for diagnostic evaluation.
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This study aimed at gaining a deeper understanding of some of the common risk factors
for obstructive sleep apnea in order to help health care providers more accurately detect
breathing disorders during a routine exam. Level of daytime sleepiness, palatal dimensions,
airway dimensions, gender, age, ethnicity and body mass index from 253 patients were compared
to corroborate and expand on the findings in the current literature. The data from this study
showed significant differences between sleepiness and palatal width, sleepiness and ethnicity,
age and airway dimensions, gender and palatal width and airway dimensions, ethnicity and
palatal dimensions, body mass index and airway volume, and significant correlations between
palatal depth and airway minimum cross-sectional area, palatal depth and airway volume, airway
volume and airway minimum cross-sectional area. These findings showed both similarities and
differences with the current literature. Future studies are needed to expand on these relationships
and their importance in clinical applications for the identification of breathing related sleep
disturbances.
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Chapter 1: Introduction
Background and Significance
Excessive Daytime Sleepiness (EDS) has been reported in 20% of adults in the United
States and is the most frequent symptom of patients presenting to sleep clinics (Johnson, 2000).
EDS has grave consequences, contributing to over 100,000 car incidents that result in 1,500
deaths per year (National Sleep Foundation, 2007). It has also been linked to poor academic
performance (Pagel, 2007), poor health (Sforza, 2002), and reduced cognitive function (Chen,
2008). EDS is the result of both primary hypersomnias such as narcolepsy and idiopathic
hypersomnia and, more commonly, secondary hypersomnias such as sleep deprivation,
psychiatric conditions, medications, illegal substances, and obstructive sleep apnea (OSA)
(American Academy of Sleep Medicine [AASM], 2005). EDS is the most common symptom of
OSA and is seen in roughly 23% of women and 16% of men with OSA (Young, 1997). OSA is a
described as repeated episodes of partial and complete closure of the upper airway associated
with daytime sleepiness, reduced quality of life, stroke, and cardiovascular mortality and
morbidity (Padma 2007) (Young 2002). The etiology of OSA is multifactorial and collapsibility
of the upper airway is influenced by both neuromuscular tone and craniofacial anatomy.
Common predisposing factors for small airways include obesity, bony anatomical structures that
reduce and impede the airway, and in children, oversized tonsils and adenoids. OSA is
commonly seen in overweight patients with increased levels of peripharyngeal fat (Horner, 1989)
and/or increased size of the soft palate and tongue (Lowe, 1996). Diminished neuromuscular
tone combined with the pull of gravity in the supine position further reduces airway size, thereby
obstructing airflow. A retrognathic or receding mandible reduces room for the tongue and
decreases the cross-sectional area of the upper airway (Lyle, 1999). Maxillary dimensions have
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also been shown to have a relationship with upper airway dimensions. The relationship between
naso-respiration and craniofacial growth is a classic example of form and function (McNamara,
1981). The growth and development of the craniofacial complex is, to a certain extent, directed
by nasal breathing (Moss, 1997). Nasal breathing produces a continuous pressure for the lateral
growth of maxilla and for lowering of the palatal vault (Kilic, 2008). During respiration, the
shape and diameter of the nasal passage and nasopharynx ultimately determines the volume of
air inspired (Wong, 2005). Mouth breathing creates an uneven distribution of forces between the
cheeks, lips and tongue which can alter the growth of the craniofacial complex (Pereira, 2007)
and cause muscular and postural alterations which lead to dentoskeletal changes (Valera, 2003).
Oral respiration causes a lower tongue posture, therefore impeding the transverse and anterior
growth of the maxilla (Principato, 1991). These changes manifest clinically and are termed long
face syndrome, or “adenoid facies”. Extraoral findings include a long lower facial height, lip
incompetence, constricted alar base. Intraorally, the findings typically include a tapered
maxillary arch, high palatal vault, posterior crossbite, proclined upper incisors and a Class II
malocclusion (McNamara, 1981). Some studies have shown that patients presenting with a
narrow maxilla also exhibited constricted nasopharyngeal dimensions and altered respiratory
function (Seto, 2001; Kellum 1993; Gross 1994) and others showed that there is a strong
relationship between airway obstruction and a high palatal vault (Johal, 2004; Guilleminault,
1995). In 2004, Johal and Conaghan conducted research on OSA patients using cephalometric
radiographs and dental study models. When comparing OSA subjects to control subjects, they
found significant differences between both maxillary morphology and oropharyngeal
dimensions. They also found that subjects with OSA had significantly higher palatal vaults at the
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level of the 1st premolars, 2nd premolars, and molars. However, these findings were not
congruent with earlier studies from Cistulli (1996) and Seto (2001).
Reducing the high number of undiagnosed patients with OSA ultimately relies on health
care providers taking a multidisciplinary approach to screen for patients who exhibit the signs
and symptoms of OSA and refer these patients for proper diagnosis and treatment. Orthodontists
are trained to treat dental and facial skeletal discrepancies and, therefore, play a large role in
identifying patients who have or may develop breathing problems. In 2019, the American
Academy of Orthodontists released a White Paper regarding the role of orthodontists in the
management of OSA and strongly suggested that orthodontists screen for OSA during an initial
exam by assessing various risk factors such as body mass index, nasal obstruction, excessive
daytime sleepiness and refer at-risk patients for diagnostic evaluation.
This study is aimed at gaining a deeper understanding of some of the common subjective
and objective risk factors for obstructive sleep apnea in order to help health care providers more
accurately detect breathing disorders during a routine exam.
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Research Questions
Daytime Sleepiness vs Palatal and Airway Dimensions
1. Does maxillary width have a correlation with daytime sleepiness?
H0: Maxillary width does not have a correlation with daytime sleepiness
HA: Maxillary width has a correlation with daytime sleepiness
2.

Does palatal depth have a correlation with daytime sleepiness?
H0: Palatal depth does not have a correlation with daytime sleepiness
HA: Palatal depth has a correlation with daytime sleepiness

3.

Does airway volume have a correlation with daytime sleepiness?
H0: Airway volume does not have a correlation with daytime sleepiness
HA: Airway volume has a correlation with daytime sleepiness

4.

Does minimum cross-sectional area have a correlation with daytime sleepiness?
H0: Minimum cross-sectional area does not have a correlation with daytime sleepiness
HA: Minimum cross-sectional area has a correlation with daytime sleepiness

Daytime Sleepiness vs Age, Ethnicity, BMI, Gender
5.

Does age have a correlation with daytime sleepiness?
H0: Age does not have a correlation with daytime sleepiness
HA: Age has a correlation with daytime sleepiness

6.

Does ethnicity have a correlation with daytime sleepiness?
H0: Ethnicity does not have a correlation with daytime sleepiness
HA: Ethnicity has a correlation with daytime sleepiness

7.

Does BMI have a correlation with daytime sleepiness?
H0: BMI does not have a correlation with daytime sleepiness
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HA: BMI has a correlation with daytime sleepiness
8.

Does Gender have a correlation with daytime sleepiness?
H0: Gender does not have a correlation with daytime sleepiness
HA: Gender has a correlation with daytime sleepiness

Gender vs Palatal and Airway Dimensions
9.

Does gender have a correlation with maxillary width?
H0: Gender does not have a correlation with maxillary width
HA: Gender has a correlation with maxillary width

10.

Does gender have a correlation with palatal depth?
H0: Gender does not have a correlation with palatal depth
HA: Gender has a correlation with palatal depth

11.

Does gender have a correlation with airway volume?
H0: Gender does not have a correlation with airway volume
HA: Gender has a correlation with airway volume

12.

Does gender have a correlation with airway minimum cross-sectional area?
H0: Gender does not have a correlation with airway minimum cross-sectional area
HA: Gender has a correlation with airway minimum cross-sectional area

Age vs Palatal and Airway Dimensions
13.

Does age have a correlation with maxillary width?
H0: Age does not have a correlation with maxillary width
HA: Age has a correlation with maxillary width

14.

Does age have a correlation with palatal depth?
H0: Age does not have a correlation with palatal depth
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HA: Age has a correlation with palatal depth
15.

Does age have a correlation with airway volume?
H0: Age does not have a correlation with airway volume
HA: Age has a correlation with airway volume

16.

Does age have a correlation with airway minimum cross-sectional area?
H0: Age does not have a correlation with airway minimum cross-sectional area
HA: Age has a correlation with airway minimum cross-sectional area

Ethnicity vs Palatal and Airway Dimensions
17.

Does ethnicity have a correlation with maxillary width?
H0: Ethnicity does not have a correlation with maxillary width
HA: Ethnicity has a correlation with maxillary width

18.

Does ethnicity have a correlation with palatal depth?
H0: Ethnicity does not have a correlation with palatal depth
HA: Ethnicity has a correlation with palatal depth

19.

Does ethnicity have a correlation with airway volume?
H0: Ethnicity does not have a correlation with airway volume
HA: Ethnicity has a correlation with airway volume

20.

Does ethnicity have a correlation with airway minimum cross-sectional area?
H0: Ethnicity does not have a correlation with airway minimum cross-sectional area
HA: Ethnicity has a correlation with airway minimum cross-sectional area

Body Mass Index vs Palatal and Airway Dimensions
21.

Does body mass index have a correlation with maxillary width?
H0: Body mass index does not have a correlation with maxillary width

6

HA: Body mass index has a correlation with maxillary width
22.

Does body mass index have a correlation with palatal depth?
H0: Body mass index does not have a correlation with palatal depth
HA: Body mass index has a correlation with palatal depth

23.

Does body mass index have a correlation with airway volume?
H0: Body mass index does not have a correlation with airway volume
HA: Body mass index has a correlation with airway volume

24.

Does body mass index have a correlation with airway minimum cross-sectional

area?

H0: Body mass index does not have a correlation with airway minimum cross-sectional
area
HA: Body mass index has a correlation with airway minimum cross-sectional area
Palatal Dimensions vs Airway Dimensions
25.

Does palatal width have a correlation with palatal depth?
H0: Palatal width does not have a correlation with palatal depth
HA: Palatal width has a correlation with palatal depth

26.

Does palatal width have a correlation with airway volume?
H0: Palatal width does not have a correlation with airway volume
HA: Palatal width has a correlation with airway volume

27.

Does palatal width have a correlation with airway minimum cross-sectional area?
H0: Palatal width does not have a correlation with airway minimum cross-sectional area
HA: Palatal width has a correlation with airway minimum cross-sectional area

28.

Does palatal depth have a correlation with airway volume?
H0: Palatal depth does not have a correlation with airway volume
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HA: Palatal depth has a correlation with airway volume
29.

Does palatal depth have a correlation with airway minimum cross-sectional area?
H0: Palatal depth does not have a correlation with airway minimum cross-sectional area
HA: Palatal depth has a correlation with airway minimum cross-sectional area

30.

Does airway volume have a correlation with airway minimum cross-sectional area?
H0: Airway volume does not have a correlation with airway minimum cross-sectional
area
HA: Airway volume has a correlation with airway minimum cross-sectional area
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Chapter 2: Literature Review
Obstructive Sleep Apnea
Obstructive sleep apnea (OSA), the most common sleep-related breathing disorder
(SRBD) (Sateia, 2014), is defined as repeated episodes of partial or complete closure of the
upper pharyngeal airway resulting in disrupted breathing during sleep (Burman, 2017). Data
extracted from several epidemiological studies published between 1993 and 2013 indicates that
the prevalence of OSA is 22% (range, 9-37%) in men and 17% (range: 4-50%) in women.
Obstructive sleep apnea with associated daytime sleepiness is termed obstructive sleep apnea
syndrome (OSAS) and occurs in 6% (range, 3-18%) of men and in 4% (range, 1-17%) of
women. The human pharyngeal airway is a complicated framework containing many individual
muscles working as a group and is crucial for complex tasks such as speaking, swallowing, and
breathing. The primary goal of the pharyngeal muscles during respiration is to maintain airway
patency, allowing for inspiration and expiration with minimal exertion by the respiratory
muscles. Pharyngeal muscles carry out this function effortlessly during wakefulness, however,
their activity is often reduced at the onset of sleep (Worsnop, 1985) causing the airway to narrow
and increase the susceptibility of collapse (Fogel, 2005). In healthy persons, the pharyngeal
muscles are able to counterbalance the increase in airway resistance to maintain airway patency;
however, individuals that have certain predispositions such as obesity or anatomic crowding of
the airway are at an increased risk of pharyngeal collapse during sleep (White, 2005). Airway
closure leads to respiratory related arousals from sleep in order to reinitiate breathing. These
intermittent breathing cessations are often associated with decreased partial pressure of oxygen
(hypoxia) and increased partial pressure of carbon dioxide (hypercapnia) levels, large swings in
intrathoracic pressure and sympathetic activation, typically manifesting as a broad range of
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comorbidities related to hypersomnolence and may increase the risk of adverse cardiovascular
events including stroke, heart attack, heart failure, and even death (Edwards, 2011).
OSA is prevalent worldwide and is considered a global health concern. Many countries
have the same, if not higher, prevalence of OSA than in the USA (Sharma, 2010). OSA
prevalence is 24% in males and 9% in females within the age range of 30-60 years (Young,
1993). Prevalence increases with increasing age and is estimated to be around 28%–67% for
senior men and 20%–54% for senior women (Goodday, 1997). Because of the wide range and
subjectivity of the symptoms, OSA is estimated to be both under-detected and underdiagnosed.
One study estimated that 93% of women and 82% of men with moderate to severe OSA are
undiagnosed (Young, 2002). Age, obesity, neck circumference, anatomical obstructions such as
large tonsils, or anatomical abnormalities have all been shown to be risk factors for OSA.
Because increasing age and obesity are significant risk factors for OSA, the prevalence of OSA
is on the rise (World Health Organization 2006).
The apnea-hypopnea index (AHI) is used to measure the severity of OSA and is the sum
of apneic and/or hypopneic events per hour of sleep. OSA is defined when the AHI is ≥5 and
OSA syndrome (OSAS) when AHI ≥5 is associated with daytime sleepiness (AASM, 1999). The
Epworth Sleepiness Scale (ESS), calculated by scoring the propensity of an individual to fall
asleep during normal daily activities, is the most frequently used method to define daytime
sleepiness (Johns, 1991). Data extracted from several epidemiological studies published between
1993 and 2013 indicates that the prevalence of OSA is 22% (range, 9-37%) in men and 17%
(range, 4-50%) in women. OSAS occurred in 6% (range, 3-18%) of men and in 4% (range, 117%) of women. More recent data on OSA prevalence shows that incidence is on the rise,
affecting 37% of men and in 50% of women (Franklin, 2015). Due to increasing rates of obesity,
10

a significant risk factor for OSA, 32% of U.S. adults are at risk of developing OSA and the
prevalence is predicted to increase steadily (World Health Organization, 2006). One study
suggests that moderate to severe OSA goes undiagnosed in 93% of women and 82% of men
(Young, 2002), highlighting the need for improvements in detection and diagnosis.
Pathophysiology of Obstructive Sleep Apnea
The exact cause of OSA is not completely understood, however an anatomically small
upper airway is a hallmark characteristic of those affected by OSA (Schwab, 2003). Common
predisposing factors for small airways include obesity, bony structures that reduce and impede
the airway, and in children, oversized tonsils and adenoids (White, 2005). Throughout the time
of wakefulness most individuals with OSA have normal respiration and almost always maintain
proper respiratory rates, volumes, and blood gas tensions, suggesting that there are compensatory
mechanisms in place. In individuals with narrow airways causing insufficient respiration, reflex
activation of negative pressure mechanoreceptors activate upper airway muscles such as the
tensor palatini and genioglossus (Mezzanotte, 1992; Wheatley, 1993). Unfortunately the basic
neuromuscular mechanisms driving this compensation have not been elucidated.
At sleep onset, OSA patients show decreased activity of the pharyngeal dilator muscles
(Fogel, 2005). Patients who sleep in the supine position are at greater risk for posterior
positioning of the tongue due to gravity (McCrillis, Haskell, Brammer, & Chenin, 2009). This
coincides with airway resistance and produces hypopnea or apnea which in turn lowers PO2 and
raises PCO2, activating respiratory efforts. The neuromuscular compensatory actions, however,
are often not enough to reopen the airway (Jordan, 2007) and an arousal from sleep is required to
restore breathing (Gleeson, 1990). Although the severity of these episodes varies, large
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intrathoracic pressure swings (to -120 mm Hg) and surges of systemic blood pressure of up to
250/150 mm Hg are associated with arousals and sleep fragmentation up to 100 times per hour
(Crummy, Piper, Naughton, 2008). Once proper ventilation resumes and partial pressures of
oxygen and carbon dioxide are re-established, the individual falls back asleep.
Anatomical differences in the upper airway can be measured using the passive critical
pharyngeal closing pressure (pCrit). pCrit values at or above 0 cm H2O coincide with airway
collapse above atmospheric pressure and pCrit values between -4 and -5 cm H2O coincide with
normal airway anatomy, however, individuals within the range of 0 to 5 cm H2O do not show
significant differences in airway obstruction. Anatomic abnormality of the upper airway,
therefore, cannot be the sole variable accounting for apnea severity (Sforza, 1999). Many
variables have been recognized as predisposing factors of OSA. For example, some individuals
can compensate for their deficient anatomy during sleep due to more pronounced neuromuscular
reflex activity (Jordan, 2007) and the ability to adequately compensate for increased mechanical
loads is diminished in OSA patients compared to healthy controls (Patil, 2007). Some individuals
have high respiratory arousal threshold, allowing ample time for the pharyngeal muscles to
become activated and restore airway patency. Total lung volume may also play a role in OSA
(Stadler, 2010).
Epidemiology and Risk Factors of Obstructive Sleep Apnea
Estimates of the prevalence of obstructive sleep apnea in adults vary in the literature. The
Apnea Hypopnea Index (AHI) is defined as the number of complete (Apnea) or incomplete
(Hypopnea) obstructive events per hour of sleep. Defining OSA as an Apnea Hypopnea Index
≥5, the prevalence of OSA was 24% in men and 9% in women aged 30-60 years of age (Young,
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2012). Current studies have shown higher estimates ranging from 15-30% in men and 5-15% in
women (Peppard, 2013) likely due to increased awareness and advanced technology. Obstructive
sleep apnea with associated daytime sleepiness is termed obstructive sleep apnea syndrome
(OSAS) and occurs in 6% (range, 3-18%) of men and in 4% (range, 1-17%) of women.
Additionally, 26 to 32 % of U.S. adults are at risk of developing or currently have OSA
according to the World Health Organization fact sheet (2006). Worldwide estimates of OSA are
relatively uniform, suggesting that OSA is widespread (Kapur, 2010).
Predisposition to OSA includes any factors which cause pharyngeal constriction such as
obesity, a major risk factor. Adenoid and tonsil enlargement are risk factors typically seen in
adolescent populations and are associated with pharyngeal constriction (Morgenthaler, 2005).
Ethnic and racial differences in OSA prevalence have been shown (Buxbaum, 2002). African
Americans show higher rates of OSA prevalence when compared to young Caucasians,
independent of body weight (Redline, 1997). In adults, OSA has been primarily associated with
obesity. Narrowed airway, hypertension, nasal congestion, smoking, diabetes, asthma, family
history, and male gender are also known risk factors. In addition, neck circumference (Young,
2002) and mandibular retrognathism (Arens, 2004; Dempsey, 2010) are also considered major
risk factors.
Diagnosis of Obstructive Sleep Apnea
Identifying OSA often begins with the patient, or the patient's sleeping partner, reporting
sleep disturbances such as snoring, abrupt awakening accompanied by gasping or choking during
sleep. Associated daytime symptoms include excessive daytime sleepiness, cognitive
dysfunction, difficulty with memory and concentration, mood changes, fatigue, morning
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headaches, and sexual dysfunction (Mbata, 2012). These signs and symptoms can go unnoticed
by subjects and it is therefore important for health care providers to screen for the condition by
evaluating patients for certain risk factors.
The diagnostic criterion for obstructive sleep apnea is an AHI score above 5. The
diagnosis of OSA is based on the findings of a sleep evaluation, including a physical exam and
sleep history, and findings confirmed by polysomnography (Kushida, 2006). An individual's
sleep history is obtained several ways; 1) at routine health maintenance evaluation, 2) evaluating
the symptoms of obstructive sleep apnea or 3) as part of a comprehensive evaluation of patients
at high risk for OSA by identifying any signs or symptoms including daytime sleepiness, fatigue,
insomnia, snoring, or awakenings due to gasping or choking that may be sleep related (Epstein,
LJ, 2019). Alternatively, a frequency of 15 obstructive respiratory events per hour satisfies the
criteria, even in the absence of associated symptoms or disorders (Sateia, 2014).
Polysomnography is the gold standard for the diagnosing OSA (Ferber, 1994).
Polysomnography is a sleep exam that evaluates biophysiologic measurements during sleep
including airflow, pulse oximetry, respiration, and heart rate (Iber, 2007) and necessitates the
continual presence of a sleep examiner (Kushida, 2006). The apnea hypopnea index (AHI) is
then calculated and an AHI above 5 is diagnosed as sleep apnea.
Treatment of Obstructive Sleep Apnea
The treatment of OSA is multifarious and includes a variety of medical,
behavioral, and surgical modalities. Initial treatment for OSA is CPAP therapy
(Continuous positive airway pressure). CPAP provides pneumatic splinting of the upper
airway, typically through an oro-nasal mask interface, and is efficacious in reducing the
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AHI (Sullivan, 1981; Gay, 2006). Overnight Polysomnography testing is the standard
testing to determine the optimal PAP level (Kushida, 2006). Yearly follow ups with
trained professionals are needed to troubleshoot CPAP mask, machine, or usage problems
(Kushida, 2006). Treatment using CPAP is best approached with a multidisciplinary care
team including a sleep specialist, the referring physician, nursing personnel, respiratory
therapist, and sleep technologist (Epstein, 2009). Although CPAP has been well
documented as a safe and effective treatment, the compliance among OSA subjects is
only 50% in certain populations (Weaver, 2008). If CPAP use is insufficient, alternative
therapies can be implemented.
Behavior therapy includes exercise, weight loss, positional therapy, and the avoidance of
alcohol and sedatives before bedtime. Weight loss and dietary changes should be proposed for all
overweight OSA patients, and obese patients with OSA may show improved AHI after weight
loss (Morgenthaler, 2006). After weight loss of at least 10% of total body weight, a follow-up
polysomnography is recommended to recalibrate for CPAP therapy (Kushida, 2005). Sleeping in
the supine position can decrease airway size and patency (Pevergagie, 1995). Positional therapy
aims to help achieve a non-supine sleeping position by using a positioning device such as a
pillow or backpack (Morgenthaler, 2006).
Oral appliances may be implemented to open the airway or reduce upper airway
collapsibility (Ferguson, 2006). Mandibular repositioning appliances, supported on the upper and
lower teeth, are used to hold the lower jaw forward or the tongue retaining devices that is used to
hold the tongue alone forward without altering jaw position. Oral appliance therapy, although not
as efficacious as CPAP therapy, is indicated in situations where subjects do not respond to CPAP
therapy or prefer oral appliances (Kushida, 2005). Prior to initiating oral appliance therapy,
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patients must be evaluated comprehensively by dentist for periodontal status, temporomandibular
joint function, occlusion, and possible pathology (Ferguson, 2006). Fabrication and management
of patients with oral appliances should be supervised by providers with a background in sleep
medicine and/or sleep related breathing disorders (Kushida, 2006). Rapid maxillary expansion,
or widening of the palate via expanding the mid palatal suture, has been shown to decrease AHI
by improving nasal airflow, tongue posture, and soft palate function (Cistulli, 1998). More
recently, non-surgical approaches such as distraction osteogenesis maxillary expansion (DOME)
procedures have confirmed the positive effect of palatal expansion on nasal airway resistance
(Liu, 2017). Tongue retainers, an oral appliance that repositions the tongue forwards via suction,
has shown promising results despite a lack adequate evidence for use in a clinical setting
(Randerath, 2011).
Initially, surgical intervention was the primary technique for treating OSA, however, its
role remains very contentious. Surgery aims to remove any obstructions within the airway and/or
to increase the size of the airway. The oropharyngeal tract and the nose are the two most
common surgical sites (Dempsey, 2010), but surgery can be performed on many other soft and
hard tissues of the head and neck to create a larger airway. Although nasal obstruction has not
been shown to significantly contribute to OSA, nasal surgery can improve nasal breathing and
improve CPAP use (Michels, 2014). Uvulopalatopharyngoplasty (UPPP) was a routinely used
surgery for the treatment of OSA in patients with excess tissue in the soft palate, uvula, and
oropharynx (Aurora, 2010; Holty, 2010) and has been proven to reduce snoring and improve
AHI (Lojander, 1996; Verse, 2011), however long term complications have been shown
including velopharyngeal insufficiency, difficulty swallowing, and dry throat (Verse, 2011).
Partial re-sectioning of the tongue has shown to improve AHI, however the success rate of the
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surgery on its own is low and therefore it should be included as part of a comprehensive surgical
approach (Handler, 2014). Surgery to advance the maxilla and mandible, termed
maxillomandibular advancement (MMA), has been shown to be a highly effective procedure for
reducing the AHI (87%) in OSA patients (Prinsell, 2002), however, it should be noted that MMS
is an invasive procedure often associated with post treatment complications and therefore should
only be considered when all other surgical options have been exhausted (Epstein , 2009). The
only surgical procedure more effective than MMA is tracheotomy. This procedure is an option
for patients with severe OSA that is life threatening (Epstein, 2009).
Other recent novel approaches to treating OSA have shown promising results. Electrical
stimulation of the hypoglossal nerve, which in turn activates the genioglossus muscle to maintain
proper tongue posture and increase airway patency, is another viable option for patients who
cannot tolerate CPAP (Kezirian, 2010).
OSA has a complex, multifactorial etiology involving both anatomic and neuromuscular
factors. Therefore, a multidisciplinary approach that encompasses accurate diagnosis by a team
of well-trained sleep specialists is required to select the proper treatment protocol.
Excessive Daytime Sleepiness
Excessive daytime sleepiness is described as continual sleepiness and low energy the day
after an adequate night of sleep and is the most common symptom of OSA. Approximately 23%
of women and 16% of men with OSA experience excessive daytime sleepiness (Young, 1997). It
is associated with a broad range of subjective symptoms including drowsiness, fatigue, and
sluggishness (Buysse, 1991). The literature varies, but excessive sleepiness has been shown to
affect over 20% of the population (Johnson, 2000). Adolescent and young adult male drivers
contribute to the highest number of sleep related incidences (Masa, 2000). Excessive daytime
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sleepiness also impacts the professional workplace, including judges and attending physicians
(Grunstein, 2007) (Chen, 2008). Obstructive sleep apnea, sleep deprivation, and sedating
medications are the most common causes of excessive daytime sleepiness per the American
Academy of Sleep Medicine. Other causes include narcolepsy and other medical and psychiatric
conditions. The evaluation and management of excessive daytime sleepiness is based on the
identification and treatment of underlying conditions (particularly obstructive sleep apnea), and
the appropriate use of activating medications.
Daytime Sleepiness vs Gender/Sex
Studies relating to gender based differences in EDS have revealed that women, in
general, have higher rates of EDS than men. One study evaluating sleepiness in the workplace
found prevalence rates of EDS were 13.3% for women and 7.2% for men (Doi, 2003). Another
study also found EDS to be higher in females (25.3%) than males (19.0%) (Fatani, 2015). In a
review of 103,948 cases from 2004-2009 it was reported that women tend to be sleepier than
men in younger age groups (18-45) (Bogan, 2012).
Daytime Sleepiness vs Age
The association between EDS and aging has been shown to decrease with increasing age.
Higher rates of EDS seen in adolescents (10-15%), decreasing to 6% in the middle ages, and then
increases in the elderly to around 16% (Calhoun, 2015) likely due to an overall increase in
medical illness (Bixler, 2005).
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Daytime Sleepiness vs Ethnicity
Studies relating to ethnicity based differences in EDS have shown higher levels of
sleepiness in African Americans than Caucasians (Hayes, 2009), with African Americans more
likely to score above 12 on the ESS scale. African American and Hispanic populations were less
likely to report EDS ≤ 5 days per month, while Caucasians were more likely to report EDS ≤ 5
days per month (Baron, 2010).
Daytime Sleepiness vs Body Mass Index
Many studies have shown that obesity is strongly correlated with EDS (Calhoun, 2011).
Prevalence of OSA in the obese is 30% (Kyzer, 1998). In severely obese individuals, defined by
a body mass index > 35, the prevalence of excessive daytime sleepiness approximates 30%
(Dixon, 2007). Weight loss is associated with a decrease in EDS (Calhoun, 2015).
Daytime Sleepiness vs Airway Dimensions
Reports in the literature suggest a strong correlation between improvements in daytime
sleepiness with increased airway dimensions. Surgical interventions for OSA to increase airway
volume via maxillomandibular advancement procedures have been shown to decrease total
Apnea-Hypopnea index scores and are associated with decreased levels of daytime sleepiness
(Zahgi, 2016). Three dimensional volumetric changes after maxillomandibular surgical
advancement procedures have shown increases in total airway volume and an overall decrease in
excessive daytime sleepiness (Veys, 2017).
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Daytime Sleepiness vs Palatal Dimensions
It is well documented that narrow palatal dimensions are associated with increased nasal
resistance and concomitant mouth-breathing in OSA patients. This causes alterations in tongue
posture and decreases airway volume, making subjects more susceptible to obstructive airway
events during sleep (Liu, 2017). Rapid maxillary expansion increases palatal width and decreases
nasal airway resistance (Cistulli, 1998) and has been shown to decrease sleep disordered
breathing. Differences in palatal dimensions have shown a correlation with daytime sleepiness.
In a recent study on children with ADHD vs controls, the children with ADHD had narrower
palatal widths and higher levels of snoring and daytime sleepiness (Andersson, 2018). In a
systematic review, maxillary expansion in adults demonstrated decreases in the number of apneic
and/or hypopneic events during sleep with associated reductions in daytime sleepiness
(Abdullatif, 2016).
Epworth Sleepiness Scale
The Epworth Sleepiness Scale (ESS) was first developed in 1990 by Dr. Murray
Johns to assess the daytime sleepiness of his patients and includes a series of 8 questions
relating to normal daily activities. Patients are asked to rate, on a scale from 0-3 their
likelihood of falling asleep during 8 various daily activities. The individual scores are
totaled to generate the respondents overall ‘daytime sleepiness’ score ranging from 0-24.
The standard range of ESS scores was initially 2 to 10 (Johns, 1991), however mean ESS
scores for adults who have no indication of a sleep disorder (including snoring) were 4.6
(Johns and Hocking, 1997). Therefore, the normal range of ESS scores is from 0-10. ESS
scores above 11 represent higher levels of sleepiness considered ‘excessive daytime
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sleepiness’ (EDS). EDS differs widely between groups, from about 10 to 40% or more
(Sanford et al, 2006). A high number of patients with narcolepsy have severe or moderate
EDS (Parkes et al, 1998; van der Heide et al, 2015). African-Americans have markedly
higher scores than Caucasians (Mihăicută et al, 2013; Sanford et al, 2006). The
consistency of the ESS has been assessed by Cronbach’s alpha and has been shown to
have good to high consistency (eg. Johns,1992; Hagell et al, 2007).
The external criterion validity of the ESS has been tested by investigating the relationship
between ESS scores and the severity of OSA, measured by the apnea-hypopnea index, however
the results did not show a close relationship between the two (Manni et al 1999; Mihăicută et al,
2013). The validity of Multiple Sleep Latency Test (MSLT) and severity of OSA was also found
to be insignificant (Guilleminault et al, 1988). It can therefore be concluded that such
relationships cannot be relied upon for testing the validity of ESS. Sleepiness scores have shown
changes in response to treatment of OSA including reduction after nasal continuous positive
airway pressure treatment (Chen et al, 2002; Hardinge et al, 1995) and narcolepsy treatment
(Broughton RJ, et al, 1997; van der Heide et al. 2015). Because of the subjective nature of the
ESS, scores can be affected by bias and inaccuracy. The ESS does not give accurate predictions
of a person’s level of drowsiness at any particular time, for example, their crash-risk when
driving a motor vehicle. It does not have diagnostic ability and cannot distinguish which factors
or conditions have caused any level of drowsiness including aspects of a person’s sleep habits.
Upper Airway Anatomy
The upper airway can be subdivided into four distinct regions; the Nasopharynx,
Velopharynx, Oropharynx and the Hypopharynx. The two main functions of the upper airway
are the conservation of patency for proper breathing and the closure of the airway for proper
21

deglutition. Over 20 adjacent muscles surrounding the airway work together to constrict and
dilate the airway lumen (Strohl, 1985). They can be classified into four groups; the soft palate,
tongue, hyoid and the posterolateral pharyngeal walls. The bony anatomical structures that
determine the airway size are the maxilla, mandible and the hyoid bone (Rivlin, 1984). The
average minimum cross-sectional area (MCA) of upper airway has been examined using MRI
and conventional Cone Beam Computed Tomography (CBCT). Estimates using CBCT volumes
vary from 138 mm2 (Shephard, 1990) to 188 mm2 (Kuna, 1988). Variation in size is due to
individual variance and differing measurement boundaries and positioning (sitting vs supine).
Activated neuromuscular tone is assumed in virtually all measurements taken during
wakefulness. Throughout wakefulness, the minimum cross-sectional area of the airway is
typically located in the retropalatal oropharynx (Schwab, 1993) and, therefore, is likely the
region most susceptible to collapse during sleep. The anterior wall of the oropharynx contains
the soft palate, tongue and lingual tonsils; and the posterior wall is made up of the constrictor
muscles that lie in front of the cervical spine. The complex interactions between these soft tissues
make the oropharynx an exceptionally difficult structure to evaluate. These soft tissues
ultimately determine the shape and size of the upper airway and patency can also be influenced
by gravity. The tongue and soft palate move posteriorly in the supine position, reducing the
oropharyngeal area (Pevernagie, 1995) and increasing collapsibility (Martin, 1997). The clinical
observation that snoring is most commonly observed in the supine position is evidence of this
gravitational relationship. Using ultrafast cine CT, Schwab et al., 1993 found that airway size
stays rather constant during inspiration, reaching a minimum during end expiration. This reveals
the importance of muscular stabilization of the airway lumen during inspiration.
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Craniofacial Growth
The relationship between naso-respiration and craniofacial growth is a classic example of
form and function (McNamara, 1981). Craniofacial growth and development is, to a certain
extent, directed by nasal breathing (Moss, 1997). Nasal breathing produces a continuous pressure
for the lateral growth of maxilla and for downward growth of the palate (Kilic, 2008). During
respiration, the shape and diameter of the nasal passage and nasopharynx ultimately determines
the volume of air inspired (Wong, 2005). Mouth breathing may result from nasal airway
resistance due to deviated septum or enlarged turbinates (Schlenker, 2000). Enlarged pharyngeal
tonsils are one of the primary causes of mouth breathing in adolescents (Lopatiene, 2002). Mouth
breathing creates an uneven distribution of forces between the cheeks, lips and tongue which can
alter the growth of the craniofacial complex (Pereira, 2007) and cause muscular and postural
alterations which lead to dentoskeletal changes (Valera, 2003). Oral respiration causes a lower
tongue posture, therefore impeding the transverse and anterior growth of the maxilla (Principato,
1991). These changes manifest clinically and are termed long face syndrome, or “adenoid
facies”. Extraoral findings include a long lower facial height, lip incompetence, constricted alar
base. Intraorally, the findings typically include a tapered maxillary arch, high palatal vault,
posterior crossbite, proclined upper incisors and a Class II malocclusion (McNamara, 1981).
Maxillary transverse deficiency is a common craniofacial skeletal abnormalities
(McNamara, 2000), however, literature varies on the relationship between maxillary constriction
and the etiology of breathing problems (Johal, 2004). One study found no relationship between
maxillary width and airway function (Shanker, 1999) and another concluded that nasorespiration and successive growth are unpredictable and, therefore, nasal airway resistance may
not be a primary cause (Neeley, 2007).Some studies showed that patients presenting with a
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narrow maxilla also exhibited constricted nasopharyngeal dimensions and altered respiratory
function (Seto, 2001; Kellum 1993; Gross 1994) while other studies revealed a strong
relationship between airway obstruction and a high palatal vault (Johal, 2004; Guilleminault,
1995). Nevertheless, these outcomes were not consistent with other studies who found no
differences in palatal heights between patients with airway problems and control subjects (Seto,
2001; Cistulli, 1996). The relationship between maxillary constriction and OSA is not well
understood. In 2004, Johal and Conaghan conducted research on OSA patients using
cephalometric radiographs and dental study models. When comparing OSA subjects to control
subjects, they found significant differences between both maxillary morphology and
oropharyngeal dimensions. They also found that subjects with OSA had significantly higher
palatal vaults at the level of the 1st premolars, 2nd premolars, and molars. However, these
findings were not congruent with earlier studies from Cistulli (1996) and Seto (2001). It can be
concluded that the relationship between maxillary dimensions and OSA is not clear.
Palatal Dimensions
Palatal width and depth have been compared in the literature. Historically, narrow palates
have been associated with greater palatal depth and wider palates have been associated with
shallow palatal depth. Ahmed et al. (2009) confirmed the relationship between palatal depth and
width, finding that palatal width is mainly negatively correlated to palatal depth, specifically at
the intermolar area.

Palatal and Airway Dimensions
Correlations between palatal morphology and airway dimensions have been identified in
the current literature. Palatal area, palatal width, and airway volume in OSA patients measured
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significantly smaller than non-OSA subjects and a positive correlation between the
oropharyngeal area and the palatal volume was found in a study by Kecik (2017).
Palatal Dimensions vs Gender
Differences in palatal dimensions between genders have been reported in the literature.
One study using a sample of 30 females and 32 males ages 19-24 (Ahmad, 2009) found
significant differences in palatal width and depth between the groups. Males had significantly
larger palatal vaults than females (average intermolar distance was 42.18mm in males and
40.19mm in females, average palatal depth of21.38mm in males and 18.78mm in females). They
also found that wider palates are associated with shallower palatal vaults and that narrow palates
were associated with deeper palatal vaults. These findings were consistent with the literature.
Palatal Dimensions vs Ethnicity
Ethnic differences in palatal vault size have been reported in the literature. African
Americans have larger teeth and therefore larger arches than Caucasians, measuring 10% wider
and 12% deeper (Burris, 2000). Another study did not show any significant differences in palatal
dimensions between several ethnicities of northern Chile (Ferrario, 2000).
Palatal Dimensions vs Age
A systematic review on the effect of aging on palatal vault dimensions showed a
progressive increase in palatal vault size from birth to permanent dentition (Berwig, 2018). There
were no studies found on the effects of aging on palatal vault dimensions in adults.
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Palatal Dimensions vs Body Mass Index
Body mass index has been correlated with craniofacial morphology. Obese adolescents
have exhibited significantly larger mandibular and maxillary dimensions than controls
(Sadeghianrizi, 2005). Non-obese patients showed smaller mandibular and maxillary dimensions
and a more retrognathic mandible (Ferguson, 1995).
Airway Dimensions vs Gender
On average, Obstructive Sleep Apnea has been seen more in males than females. Reports
in the literature vary, but Young et al. (1993) showed that the estimated prevalence of mild OSA
was 24% in males and only 9% in females. Another report showed male OSA was 2 to 8 times
more prevalent than female OSA (Redline, 1994). Gender based differences in airway
dimensions have been well documented in the literature. One study reported that females had
notably smaller oropharyngeal junction and pharynx than males (Mohsenin, 2001). Other studies
have shown that pubertal males have larger airways than pubertal females (Chiang, 2012), and
post pubertal boys also have greater airway length compared with post pubertal girls (Ronen,
2007). When comparing male and female OSA patients, current literature suggests that although
females have smaller oropharyngeal dimensions than males, upper airway size in males
corresponded with the degree of sleep apnea (Mohsenin, 2001). This suggests greater
compensatory structural and functional airway mechanics in females.
Airway Dimensions vs Age
Studies on airway volume and minimum cross-sectional area throughout adolescent
growth have shown rapid increases in both length and volume from ages 8-18, although the site
of minimum cross-sectional area varies (Chiang, 2012). Longitudinal studies on upper airway
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dimensions have shown a decrease in pharyngeal muscle thickness with a concomitant increase
in pharyngeal lumen size (Molfenter, 2015). These results are congruent with longitudinal
studies on the increasing prevalence of OSA with age, reaching a plateau after age 60 (Young,
2002).
Airway Dimensions vs Ethnicity
Current literature shows differences in airway dimensions related to heritability. One
study, using acoustic pharyngometry to measure minimum cross-sectional area of the pharynx,
showed that African Americans exhibit narrower minimum cross-sectional dimensions than
Caucasians (Patel, 2008). Other studies on ethnic differences in OSA are consistent, showing that
African Americans are at increased risk for OSA (Redline, 1997). Another study using threedimensional MRI airway measurements in OSA patients showed that compared to a European
population, Asian populations had smaller retropalatal airway size than European subjects (Xu,
2019).
Airway Dimensions vs Body Mass Index
Obesity is a major risk factor for OSA and several studies have shown smaller upper
airways sizes associated with high body mass index (BMI). A CBCT analysis study revealed a
decreased transverse dimension in high BMI subjects (Mayer, 1996). Another acoustic
pharyngometry study, demonstrated an inverse relationship between upper airway size and BMI
(Busetto, 2009). A Sutherland et al. (2011) study of weight loss in OSA patients revealed that a
decrease in BMI is associated with an increase in velopharyngeal airway volume.
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Three Dimensional Airway Imaging
Examination of airway dimensions provides crucial diagnostic information for patients
with breathing disorders. Patients with OSA have significant anatomic variations including the
size and position of the mandible, dimensions of the posterior airway, and soft palate and tongue
(Ogawa, 2007). Traditional radiographic airway assessment has relied upon two dimensional
lateral cephalograms (Martin, 2006) that are unable to identify the three dimensional areas and
volumes within the airway. Recent advances in three dimensional imaging such as cone-beam
computed tomography (CBCT) allow better visualization and volumization of the airway
(Aboudara, 2009). Volumetric measurements and cross-sectional areas of the airway in the
coronal, sagittal, and axial planes are readily visualized (Schwab, 1998). Viewing airway
dimensions in the axial plane, the most physiologically relevant plane because it is perpendicular
to the airflow, is not possible on two dimensional imaging (Isono, 1993; Abramson, 2010).
Accurate and easy evaluation of the airway anatomy has been possible using CBCT, which has
been specifically developed for the craniofacial region with less radiation exposure than
conventional CT systems (Mozzo, 1998; Sukovic, 2003; El, 2010). CBCT measurements of the
airway volume and the most constricted area of the airway are reliable and accurate (Ghoneima,
2013). Complex craniofacial structures, dentition and airway present a diagnostic challenge with
respect to radiographic imaging. CBCT is an effective tool to evaluate patients with OSA and
discern three dimensional differences between experimental and control breathing groups using a
relatively low dose radiation (McCrillis, 2009).
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Chapter 3: Material and Methods
A UNLV Institutional Review Board approval for use of existing dental records was
approved (Protocol # 1237722, Appendix A). The sample consisted of 253 patients from the
archives of the UNLV School of Dental Medicine Orthodontic Department. Patient information
including age, gender, ethnicity, and body mass index was obtained from axiUm dental software
system (HIPAA-compliant, ONC-ATCB certified system, Henry Schein, Melville, NY). CBCT
radiographs taken with full FOV were retrieved for all subjects, as well as an Epworth Sleepiness
Scale survey and score. All patient information was de-identified by UNLV personnel. Invivo5
(Anatomage, San Jose, CA) 3D imaging software was used to measure minimum cross-sectional
area, volume, and shape of the airway, as well as palatal width and depth dimensions. Subjects’
risk for excessive daytime sleepiness, the most common symptom of OSA, was determined using
the Epworth Sleepiness Scale. Subjects who scored 11 or greater on the Epworth Sleepiness
Scale were categorized as having a higher risk for daytime sleepiness. Subjects who scored
below 11 were categorized as having a lower probability of excessive daytime sleepiness.
Inclusion Criteria:
1. Patient at UNLV School of Dental Medicine
2.

Above the age of 18

Exclusion criteria:
1.

Subjects with missing upper 1st permanent molars

2. Subjects with craniofacial anomalies
3. Unacceptable image quality
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Radiographic Imaging
All CBCT radiographs were taken on MercuRay CBCT machine (Hitachi Medical Corp)
with the following settings: 120 kV, 15 mA with a 10 second exposure using the CBCT machine.
Patient was seated in an upright position with head positioned with Frankfort Horizontal Plane
parallel to the floor and biting in centric occlusion. CBCT 3D image was recorded as Digital
Imaging and Communications in Medicine (DICOM) file.

Palatal Dimension Measurements
Invivo5 software (Anatomage) was utilized in the frontal plane to measure palatal width
and depth in mm (Figure 1). Mesiopalatal cusp of permanent upper first molars was located
within three planes of space (Figure 2). Palatal width was defined as the intermolar width
measured between the mesiopalatal cusp of the permanent upper first molars. A line was then
created perpendicular (90 degrees) to the intermolar measurement to the deepest portion of the
hard palate. All palatal measurements were recorded in millimeters.
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Figure 1. Palatal Width and Depth Measurements

Figure 2. Location of Mesiopalatal Cusp of Permanent Upper First Molar
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Airway Measurements
Invivo5 software (Anatomage) was utilized for airway volume (cc) and airway minimum
cross-sectional area measurements (mm2). Both measurements were taken with the sagittal plane
centered on the midpalatal suture. Once centered on the midpalatal suture in the sagittal view, the
region of interest was defined. Region of interest was created with the upper border in line with
the superior border of the hard palate and the lower border tangent to the inferior border of the
hyoid bone and parallel to the hard palate. Once the region of interest was identified the airway
measurement tool was utilized to create airway measurement by clicking along path of the
airway and then automatically generating a three-dimensional image of the airway volume
(Figure 3, Figure 4) along with the minimum cross sectional area in mm2 (Figure 5).

Figure 3. Airway Volume Region of Interest.
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Figure 4. Airway Volume. Airway volume generated automatically using airway measurement
tool.

Figure 5. Airway Volume and Minimum Cross-Sectional Area Measurement. Airway volume
(cc) and minimum cross-sectional area (mm2) automatically generated using airway
measurement tool.
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Statistical Analysis
IBM SPSS Software was used in the statistical analysis. Reliability testing was completed
using Cronbach’s Alpha. ANOVA analysis and t-test analysis were used to compare groups. Post
hoc testing included multiple comparisons and one-way ANOVA. Pearson’s correlations and
Spearman’s Rho were used in correlation analysis.
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Chapter 4: Results
Descriptive Statistics
Descriptive statistics for all groups including Gender, Age, Ethnicity, Body Mass Index,
and Sleepiness, as well as the means and standard deviations for the following variables:
Intermolar Width (mm), Palatal Depth (mm), Airway Volume (cc), Airway Minimum CrossSectional Area (mm2) (Table 1).
Table 1. Descriptive Statistics
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Daytime Sleepiness vs. Palatal and Airway Dimensions
Table 2 shows the results of a t-test (p<0.05) used to evaluate the difference between
daytime sleepiness (high or low) vs. palatal dimensions (intermolar width [mm] and palatal depth
[mm]) and airway dimensions (airway volume [cc] and airway minimum cross-sectional area
[mm2]). Levene’s Test of Equality of Variances was used to verify homogeneity of variances
between the groups with a significance level of 0.05 and all groups were found to have equal
variance. Significant results were found between low sleepiness vs. high sleepiness group with
respect to intermolar width (p = 0.044). Figure 1 shows graphical representation of this data.

Table 2. Sleepiness t-test
Variable

Low Sleepiness

High Sleepiness

Mean (SD)

Mean (SD)

Intermolar Width (mm)

39.82 (3.36)

41.10 (3.19)

-2.022*

Palatal Depth (mm)

19.63 (2.78)

19.97 (2.68)

-0.65

Airway Volume (cc)

23.23 (10.76)

24.43 (11.06)

-0.59

Minimum Cross Sectional Area (mm2)

171.07 (76.70)

183.17 (71.87)

-0.84

*p < 0.05
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Statistic

Figure 1. Sleepiness vs Palatal and Airway Dimensions

Table 3 shows the results of Spearman correlations used to examine the relationship
between sleepiness groups with respect to palatal and airway dimensions. Correlation was
assumed below a 0.05 level of significance (two-tailed), however, no correlations were
significant.
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Daytime Sleepiness vs. Age, Body Mass Index, Gender, and Ethnicity
Table 4 shows the results of a t-test (p<0.05) used to evaluate the differences between
daytime sleepiness (high or low) vs. Age, Body Mass Index, Gender, and Ethnicity. Levene’s
Test of Equality of Variances was used to verify homogeneity of variances between the groups
with a significance level of 0.05 and all groups were found to have equal variance except
ethnicity (p = 0.003). Significant results were found between sleepiness and ethnicity with a
significance level of 0.019 with equal variances not assumed. Using one-way ANOVA and
multiple comparisons in post hoc testing, a significant difference was found between African
Americans and Caucasians with p value of 0.038. A significant difference was also found
between African Americans and Hispanics with a p value of 0.025.
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Gender vs. Palatal and Airway Dimensions
Table 5 shows the results of a t-test (p<0.05) was used to evaluate the differences
between gender vs. palatal dimensions (intermolar width [mm] and palatal depth [mm]) and
airway dimensions (airway volume [cc] and airway minimum cross-sectional area [mm2]) and is
reported in Table 4. Levene’s Test of Equality of Variances was used to verify homogeneity of
variances between the groups with a significance level of 0.05 and all groups were found to have
equal variance except airway volume (p<0.01) and airway minimum cross-sectional area
(p<0.05). Significant results were found between gender and palatal width (p<0.01), gender and
palatal depth (p<0.01), gender and airway volume (p<0.01), and gender and airway minimum
cross-sectional area (p<0.01). Figure 2 represents graphical depiction of this data.
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Figure 2. Gender vs Select Variables

Age vs. Palatal and Airway Dimensions
Table 6 shows a one-way ANOVA (p<0.05) was used to evaluate the differences between
age vs. palatal dimensions (intermolar width [mm] and palatal depth [mm]) and airway
dimensions (airway volume [cc] and airway minimum cross-sectional area [mm2]) and is
reported in Table 5. Results showed significant differences between groups with respect to
airway volume (p=0.045) and airway minimum cross-sectional area (p=0.024). Post hoc testing
was completed with multiple comparisons to identify the significant variables. Significant
differences (p<0.05) were found between age groups 18-19 and 40+ with respect to airway
volume. Significant differences (p<0.05) were also found between age groups 20-29 and 30-39
with respect to airway minimum cross-sectional area (mm2). Figure 3 represents a graphical
depiction of this data.
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Figure 3. Age vs Select Variables
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Ethnicity vs. Palatal and Airway Dimensions
Table 7 shows a one-way ANOVA (p<0.05) used to evaluate the differences between
ethnicity vs. palatal dimensions (intermolar width [mm] and palatal depth [mm]) and airway
dimensions (airway volume [cc] and airway minimum cross-sectional area [mm2]). Significant
differences were identified between ethnic groups with respect to intermolar width (p=0.004).
Post hoc testing was completed with multiple comparisons to identify the significant variables.
Significant results were found between the comparison of Caucasian and Asian groups with
respect to intermolar width (p=0.038). Figure 4 represents a graphical depiction of this data.
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Figure 4. Ethnicity vs Select Variables

Body Mass Index vs. Palatal and Airway Dimensions
Table 8 shows a one-way ANOVA (p<0.05) used to evaluate the differences between
body mass index vs. palatal dimensions (intermolar width [mm] and palatal depth [mm]) and
airway dimensions (airway volume [cc] and airway minimum cross-sectional area [mm2]).
Significant differences were found between body mass index groups with respect to airway
volume (p<0.01). Post hoc testing was completed with multiple comparisons to identify the
significant variables. Significant differences were found between the comparison of airway
volume with underweight and overweight groups (p=0.002), underweight and obese (p<0.01),
normal and obese (p=0.012), and overweight and normal (p=0.012). Figure 5 represents a
graphical depiction of this data.
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Figure 5. Body Mass Index vs Select Variables
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Palatal Dimensions vs. Airway Dimensions
Tables 9-11 show the Pearson correlations that were used to independently examine the
relationship between intermolar width, palatal depth, airway volume, and airway minimum
cross-sectional area. Correlations were assumed below a 0.01 level of significance (two-tailed).
Correlation was found between airway volume and minimum cross-sectional area (p<0.01,
r=0.674), palatal depth and airway volume (p<0.01, r=0.282), palatal depth and minimum crosssectional area (p<0.01, r=0.165). Figures 6-11 show the correlations between these variables
graphically.
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Figure 6. Palatal Width vs Palatal Depth
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Figure 7. Palatal Depth vs Airway Volume

Figure 8. Airway Volume vs Airway Minimum Cross-Sectional Area
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Figure 9. Palatal Width vs Airway Volume

Figure 10. Airway Minimum Cross-Sectional Area vs Palatal Width
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Figure. 11. Airway Minimum Cross-Sectional Area vs Palatal Depth
Reliability Testing
Internal consistency was assessed by re-measuring the palatal and airway dimensions
of 20 randomly selected subjects. Cronbach’s alpha was utilized to determine coefficient of
reliability and results are shown in Table 12. Reliability coefficient for intermolar width above
0.8 indicates good internal consistency. Reliability coefficients for palatal depth, airway volume,
and minimum cross-sectional area were greater than 0.9, indicating excellent internal
consistency.
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Chapter 5: Discussion
The purpose of this retrospective study was to examine the differences in specific
physiological and anatomical phenotypes of patients with daytime sleepiness. These phenotypes
- narrow, high vaulted palates and small upper airway dimensions - and their relation to
obstructive sleep apnea and daytime sleepiness have been documented in the current literature.
Demographic information was also used in conjunction with this information to investigate any
correlations between daytime sleepiness, palatal dimensions, airway dimensions and age, gender,
ethnicity, and body mass index.

Daytime Sleepiness vs. Palatal and Airway Dimensions
Reports in the literature vary, but many suggest a strong correlation between increased
palatal and airway dimensions with reductions in daytime sleepiness. In a recent study on
children with ADHD vs controls, the children with ADHD had narrower palatal widths and
higher levels of snoring and daytime sleepiness (Andersson, 2018). In a systematic review,
maxillary expansion in adults has shown decreases in the number of apneic and/or hypopneic
events during sleep with associated reductions in daytime sleepiness (Abdullatif, 2016). The
results of this study are congruent with the current literature and shows a correlation between
palatal width and daytime sleepiness. Zahgi et al. (2016) showed an overall decrease in daytime
sleepiness after maxillomandibular advancement to increase airway size, and Veys et al. (2017)
showed congruent findings in their study. This study did not show any correlation between
airway dimensions and daytime sleepiness, however, as reported in the literature review, subjects
with narrow airway dimensions can have compensatory mechanisms that provide sufficient
airway volume for breathing during sleep, and not all patients with narrow airways and
obstructive sleep apnea have daytime sleepiness and show a significant difference.
50

Daytime Sleepiness vs. Age, Body Mass Index, Gender, and Ethnicity
Reports in the literature vary, but many do show correlations between excessive daytime
sleepiness and various demographics such as age, gender, and ethnicity. Studies have shown that
women, in general, have higher rates of EDS than men (Doi, 2003) (Fatani, 2015) (Bogan,
2012). This study did not show any differences in excessive daytime sleepiness between males
and females. A possible explanation for this variation is the unequal gender sample size in this
study, with 167 females and only 86 males; however, excessive daytime sleepiness is
multifactorial in nature and cannot be solely attributed to gender. The association between EDS
and aging has been shown to decrease with increasing age. Higher rates of EDS seen in
adolescents (10-15%), decreasing to 6% in the middle ages, and then increases in the elderly to
around 6% (Calhoun, 2015) likely due to an overall increase in medical illnesses (Bixler, 2005).
This study did not demonstrate any significant differences between age and daytime sleepiness.
Sample size in each age group may have contributed to the outcome. Sample size in the 30-39
age group and the 40+ age group were significantly smaller than the sample sizes seen in the
younger age groups. Studies relating to ethnicity based differences in EDS have shown higher
levels of sleepiness in African Americans than Caucasians (Hayes, 2009), with African
Americans more likely to score above 12 on the ESS scale. African American and Hispanic
populations were less likely to report EDS ≤ 5 days per month, while Caucasians were more
likely to report EDS ≤ 5 days per month (Baron, 2010). These findings were congruent with the
results of this study, showing higher levels of sleepiness in the African American group when
compared to Caucasian and Hispanic groups. Obesity is the largest risk factor for OSA, and
many studies have shown that obesity is strongly correlated with EDS (Calhoun, 2011), and
weight loss is associated with a decrease in EDS (Calhoun, 2015). The results of this study did
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not show a significant difference between BMI and sleepiness. Sample size could reflect this
discrepancy, as BMI was only recorded for 165 of the 253 patients in the study.
Gender vs. Palatal and Airway Dimensions
Gender based differences in airway dimensions have been well documented in the
literature. One study reported that females had notably smaller oropharyngeal junction and
pharynges than males (Mohsenin, 2001). Other studies have shown that pubertal males have
larger airways than pubertal females (Chiang, 2012), and post-pubertal boys also have greater
airway length compared with post-pubertal girls (Ronen, 2007). This suggests greater
compensatory structural and functional airway mechanics in females. Differences in palatal
dimensions between genders have also been reported in the literature. One study using a sample
of 30 females and 32 males ages 19-24 (Ahmad, 2009) found significant differences in palatal
width and depth between the groups. Males had significantly larger palatal vaults than females
(average inter-molar distance in males: 42.18mm and average inter-molar width in females:
40.19mm, average palatal depth in males: 21.38mm and average palatal depth in females:
18.78mm). These findings were consistent with the literature. The results of this study are
congruent with the current literature, where males have larger airway dimensions (volume and
minimal cross-sectional area) and larger palatal dimensions (intermolar width and palatal depth)
than females.
Age vs. Palatal and Airway Dimensions
Studies on airway volume and minimum cross-sectional area throughout adolescent
growth have shown rapid increases in both length and volume from ages 8-18, although the site
of minimum cross-sectional area varies (Chiang, 2012). Longitudinal studies on upper airway
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dimensions have shown a decrease in pharyngeal muscle thickness with a concomitant increase
in pharyngeal lumen size (Molfenter, 2015). Although current literature on palatal dimensions
and age is lacking a systematic review on the effect of aging on palatal vault dimensions there is
a progressive increase in palatal vault size from birth to permanent dentition (Berwig, 2018).
Results of this study did not show a significant difference between age and palatal vault
dimensions; however, our sample did not contain age groups below 18 years and therefore
cannot add to the current literature on palatal vault changes in adolescents. This study found
significant differences between age and airway dimensions. Subjects in the 18/19 age group
demonstrated lower airway volumes when compared with the 40+ age group and are congruent
with the current literature. The 20-29 age group showed significantly lower average airway
minimum cross-sectional area when compared with the 30-39 age group. Current literature
relating to age and minimum cross-sectional area are lacking and these results will need to be
confirmed with future studies.
Ethnicity vs Palatal and Airway Dimensions
Ethnic differences in palatal vault size have varied in the literature. In one study, African
Americans showed larger teeth and larger arches than Caucasians, measuring 10% wider and
12% deeper (Burris, 2000), while a second study had no significant differences in palatal
dimensions between several ethnicities of northern Chile (Ferrario, 2000). Current literature
shows differences in airway dimensions related to heritability. One study showed that African
Americans tended to exhibit narrower minimum cross-sectional dimensions than Caucasians
(Patel, 2008). Another study using three-dimensional MRI airway measurements in OSA patients
showed that when compared to a European population, Asian populations had smaller
retropalatal airway size than European subjects (Xu, 2019). This study found that Asians had
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significantly greater inter-molar width than Caucasians, however, current literature on this
dimension is lacking and will need to be studied further in the future. No significant differences
were shown between groups when comparing palatal depth, airway volume, and airway
minimum cross-sectional area. Although these results are not congruent with current studies in
the literature, these discrepancies can be attributed to the variations in sample sizes between
ethnic groups, with a majority being Hispanic (51%) and Caucasian (30%), and a minority being
African American (10%), Asian (8%), and Indian (1%).
Body Mass Index vs Palatal and Airway Dimensions
Body mass index has been correlated with maxillary morphology in the current literature.
Obese adolescents have exhibited significantly larger mandibular and maxillary dimensions than
controls (Sadeghianrizi, 2005), while non-obese patients showed smaller mandibular and
maxillary dimensions and a more retrognathic mandible (Ferguson, 1995) Obesity is a major risk
factor for OSA and several studies have shown smaller upper airways sizes associated with high
body mass index (BMI). One study using CBCT analysis showed a decreased transverse
dimension in high BMI subjects (Mayer, 1996), and another study showed an inverse
relationship between upper airway size and BMI (Busetto, 2009). Sutherland et al. (2011) studied
weight loss in OSA patients and the effects it has on upper airway dimensions and showed that a
decrease in BMI is associated with an increased velopharyngeal airway volume. This study did
not show significant differences between BMI and palatal dimensions (inter-molar width and
palatal depth) and BMI and airway minimum cross-sectional area, and was incongruent with the
current literature. This discrepancy could be related to patient age and various methods for
assessing maxillary dimensions. Future studies using palatal width and palatal depth in adult
patients are needed including diagnosed sleep apnea adult patients. However, this study did find
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significant differences between airway volume and BMI groups, showing that airway volumes
increased with increasing BMI values. This finding was incongruent with the current literature.
This discrepancy could be due to study design. While previous studies have focused on
differences in airway volume as a result of weight change at two different time points, this study
only showed BMI values of a single time point. Future studies, with BMI and airway volumes
taken at a single time point, are needed to confirm these findings.
Palatal Dimensions vs Airway Dimensions
Palatal width and depth have been compared in the literature. Historically, narrow palates
have been associated with greater palatal depth and wider palates have been associated with
shallow palatal depths. A study from 2009 by Ahmed confirmed this relationship, finding that
palatal width is mainly negatively correlated to palatal depth, specifically at the inter- molar
area. Correlations between palatal morphology and airway dimensions have also been identified
in the current literature. Palatal area, palatal width, and airway volume in OSA patients measured
significantly smaller than non-OSA subjects and a positive correlation between the
oropharyngeal area and the palatal volume was found in a study by Kecik (2017). In cleft lip and
palate patients, subjects had narrower pharyngeal airway dimensions when compared with the
controls. This was attributed to the smaller nasopharyngeal framework (Tarawneh, 2018). This
study showed positive correlations between palatal depth and airway minimum cross-sectional
area, palatal depth and airway volume, and airway volume and minimum cross-sectional area
and did not show a positive correlation between palatal width and depth. These findings are
congruent with the current literature, however, positive correlations between palatal width and
airway minimum cross-sectional area, and palatal width and airway volume are not congruent
with the literature. This discrepancy highlights the complex interaction between maxillary
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morphology and airway dimensions, and future studies are needed to evaluate these findings in
sleep apnea diagnosed study subjects.
Limitations and Recommendations
As mentioned in the discussion, there are several limitations in this study which must be
taken into consideration when evaluating the results. The patient sample was taken from a pool
of patients at the UNLV School of Dental Medicine. Although this sample was selected
randomly, selection bias must be considered. Unequal demographic distributions were seen in
age, gender, and ethnicity and therefore the sample in this study may not accurately represent the
general population. BMI was only recorded for 165 of the 253 subjects. Only 13% of patients in
this study were found to have excessive daytime sleepiness. This percentage may not accurately
reflect daytime sleepiness seen in the general population. Daytime sleepiness, although a
common finding among OSA patients, is not seen in all OSA patients and therefore cannot be
directly correlated with OSA. CBCT imaging was taken in the seated upright position with the
teeth together in awake state and may not accurately represent airway dimensions during sleep.
Future studies are needed to expand on the findings in this study. Ideally, a larger sample
size with demographics more similar to the general population could provide more accurate and
reliable data. In addition to using a larger sample size, the variables in this study could also be
expanded. This could be done by incorporating more measurements related to OSA and
excessive daytime sleepiness including neck size, mallampati score, tonsil size, and the STOPBANG questionnaire. Other craniofacial dimensions including nasopharyngeal area and the
dimensions of the soft palate and tongue could be measured and compared to palatal vault
dimensions and oropharyngeal dimensions. Location of the minimum cross-sectional area could
also be used to assess areas of the airway prone to collapse. Another variation could involve pre
56

and post orthodontic records to observe changes in dimensions after orthodontic treatment (rapid
palatal expansion, surgical, extractions, etc.) and their effect on daytime sleepiness. Lastly,
having patients with excessive daytime sleepiness undergo polysomnography sleep testing could
provide more information on the relationships elucidated in this study.
Conclusions

This study aimed at gaining a deeper understanding of some of the common subjective
and objective risk factors for obstructive sleep apnea in order to help health care providers more
accurately detect breathing disorders during a routine exam. Level of daytime sleepiness, palatal
dimensions, airway dimensions, gender, age, ethnicity and body mass index from 253 patients
were compared to expand on the findings in the current literature. The data from this study
showed significant differences between sleepiness and palatal width, sleepiness and ethnicity,
age and airway dimensions, gender and palatal width and airway dimensions, ethnicity and
palatal dimensions, body mass index and airway volume, and significant correlations between
palatal depth and airway minimum cross-sectional area, palatal depth and airway volume, airway
volume and airway minimum cross-sectional area. These findings showed both similarities and
differences with the current literature, however, the retrospective nature of the study and lack of
confirmed OSA diagnosis must be taken into consideration in interpreting the results. Future
studies are needed to expand on these relationships and their importance in clinical applications
for the identification of breathing related sleep disturbances.
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Appendix A: IRB Exemption
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Appendix B: Epworth Sleepiness Scale

http://epworthsleepinessscale.com/about-the-ess/
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Appendix C: UNLV Eworth Sleepiness Scale

60

References
Abdullatif, J., Certal, V., Zaghi, S., Song, S. A., Chang, E. T., Gillespie, M. B., & Camacho, M.
(2016). Maxillary expansion and maxillomandibular expansion for adult OSA: A systematic
review and meta-analysis. Journal of Cranio-Maxillofacial Surgery.
https://doi.org/10.1016/j.jcms.2016.02.001
Aboudara, C., Nielsen, I., Huang, J. C., Maki, K., Miller, A. J., & Hatcher, D. (2009).
Comparison of airway space with conventional lateral headfilms and 3-dimensional
reconstruction from cone-beam computed tomography. American Journal of Orthodontics
and Dentofacial Orthopedics. https://doi.org/10.1016/j.ajodo.2007.04.043
Abramson, Z. R., Susarla, S., Tagoni, J. R., & Kaban, L. (2010). Three-Dimensional Computed
Tomographic Analysis of Airway Anatomy. Journal of Oral and Maxillofacial Surgery.
https://doi.org/10.1016/j.joms.2009.09.086
Ahmad, Z. (2009). Palatal Dimensions and Its Correlation with the Circumference of Upper
Anterior Teeth. Al-Rafidain Dental Journal. https://doi.org/10.33899/rden.2009.9124
Ali A.A., Tarawneh A.M.A., Alazm K.F. (2018) Evaluation of Pharyngeal Airway Dimensions
in a Sample of Jordanian Preadolescent Cleft Lip and Palate Patients before Orthognathic
Surgery. J Dents Dent Med. https://www.boffinaccess.com/open-access-journals/journal-ofdentistry-and-dental-medicine/jddm-1-101.pdf
American Academy of Sleep Medicine. (2005). International Classification of Sleep Disorders:
Diagnostic and Coding Manual. (ICSD-2). Diagnostic Coding Manual.
Andersson, H., & Sonnesen, L. (2018). Sleepiness, occlusion, dental arch and palatal dimensions
in children attention deficit hyperactivity disorder (ADHD). European Archives of
Paediatric Dentistry. https://doi.org/10.1007/s40368-018-0330-3
Ang, P. K., Sandham, A., & Tan, W. C. (2004). Craniofacial morphology and head posture in
Chinese subjects with obstructive sleep apnea. Seminars in Orthodontics.
https://doi.org/10.1053/j.sodo.2003.10.008
Aurora, R. N., Casey, K. R., Kristo, D., Auerbach, S., Bista, S. R., Chowdhuri, S., … Tracy, S.
L. (2010). Practice parameters for the surgical modifications of the upper airway for
obstructive sleep apnea in adults. Sleep. https://doi.org/10.1093/sleep/33.10.1408
Baron, K. G., Liu, K., Chan, C., Shahar, E., Hasnain-Wynia, R., & Zee, P. (2010). Race and
ethnic variation in excessive daytime sleepiness: The multi-ethnic study of atherosclerosis.
Behavioral Sleep Medicine. https://doi.org/10.1080/15402002.2010.509247
Behrents, R. G., Shelgikar, A. V., Conley, R. S., Flores-Mir, C., Hans, M., Levine, M.,
McNamara, J. A., Palomo, J. M., Pliska, B., Stockstill, J. W., Wise, J., Murphy, S., Nagel,
N. J., & Hittner, J. (2019). Obstructive sleep apnea and orthodontics: An American

61

Association of Orthodontists White Paper. American Journal of Orthodontics and
Dentofacial Orthopedics. https://doi.org/10.1016/j.ajodo.2019.04.009
Berry, R. B., Budhiraja, R., Gottlieb, D. J., Gozal, D., Iber, C., Kapur, V. K., … Tangredi, M. M.
(2012). Rules for scoring respiratory events in sleep: Update of the 2007 AASM manual for
the scoring of sleep and associated events. Journal of Clinical Sleep Medicine.
https://doi.org/10.5664/jcsm.2172
Berwig, L. C., Marquezan, M., Milanesi, J. de M., Montenegro, M. M., Ardenghi, T. M., & da
Silva, A. M. T. (2018). Do gender and age influence hard palate dimensions? A systematic
review. CODAS. https://doi.org/10.1590/2317-1782/20182017216
Bixler, E. O., Vgontzas, A. N., Lin, H. M., Calhoun, S. L., Vela-Bueno, A., & Kales, A. (2005).
Excessive daytime sleepiness in a general population sample: The role of sleep apnea, age,
obesity, diabetes, and depression. Journal of Clinical Endocrinology and Metabolism.
https://doi.org/10.1210/jc.2005-0035
Bogan, R. K., & Turner, J. A. (2012). Gender Differences In Excessive Daytime Sleepiness
Associated With Moderate To Severe Obstructive Sleep Apnea: A Review Of 103948
Cases. https://doi.org/10.1164/ajrccm-conference.2012.185.1_meetingabstracts.a5034
Broughton, R. J., Fleming, J. A. E., George, C. F. P., Hill, J. D., Kryger, M. H., Moldofsky, H.,
… Murphy, W. F. (1997). Randomized, double-blind, placebo-controlled crossover trial of
modafinil in the treatment of excessive daytime sleepiness in narcolepsy. Neurology.
https://doi.org/10.1212/WNL.49.2.444
Burman, D. (2017). Sleep Disorders: Sleep-Related Breathing Disorders. FP Essentials.
https://doi.org/10.1093/med/9780190464868.003.0076
Burris, B. G., & Harris, E. F. (2000). Maxillary Arch Size and Shape in American Blacks and
Whites. Angle Orthodontist. https://doi.org/10.1043/00033219(2000)070<0297:MASASI>2.0.CO;2
Busetto, L., Calo’, E., Mazza, M., De Stefano, F., Costa, G., Negrin, V., & Enzi, G. (2009).
Upper airway size is related to obesity and body fat distribution in women. European
Archives of Oto-Rhino-Laryngology. https://doi.org/10.1007/s00405-008-0773-y
Buxbaum, S. G., Elston, R. C., Tishler, P. V., & Redline, S. (2002). Genetics of the apnea
hypopnea index in Caucasians and African Americans: I. Segregation analysis. Genetic
Epidemiology. https://doi.org/10.1002/gepi.0170
Buysse, D. J., Monk, T. H., Carrier, J., & Begley, A. (2005, November). Circadian patterns of
sleep, sleepiness, and performance in older and younger adults.
https://www.ncbi.nlm.nih.gov/pubmed/16335481
Calhoun, S. L., Vgontzas, A. N., Fernandez-Mendoza, J., Mayes, S. D., Tsaoussoglou, M., Basta,
M., & Bixler, E. O. (2011). Prevalence and risk factors of excessive daytime sleepiness in a

62

community sample of young children: The role of obesity, asthma, anxiety/depression, and
sleep. Sleep. https://doi.org/10.1093/sleep/34.4.503
Calik, M. W. (2016). Treatments for obstructive sleep apnea. Journal of Clinical Outcomes
Management. https://doi.org/10.1007/978-1-59745-421-6_11
Chen, I., Vorona, R., Chiu, R., & Catesby Ware, J. (2008). A survey of subjective sleepiness and
consequences in attending physicians. Behavioral Sleep Medicine.
https://doi.org/10.1080/15402000701796023
Chen, N. H., Johns, M. W., Li, H. Y., Chu, C. C., Liang, S. C., Shu, Y. H., … Wang, P. C.
(2002). Validation of a Chinese version of the Epworth sleepiness scale. Quality of Life
Research. https://doi.org/10.1023/A:1020818417949
Chiang, C. C., Jeffres, M. N., Miller, A., & Hatcher, D. C. (2012). Three-dimensional airway
evaluation in 387 subjects from one university orthodontic clinic using cone beam
computed tomography. Angle Orthodontist. https://doi.org/10.2319/122811-801.1
Choi, K., Son, H., Park, M., Han, J., Kim, K., Lee, B., & Gwak, H. (2009). Internet overuse and
excessive daytime sleepiness in adolescents: Regular article. Psychiatry and Clinical
Neurosciences. https://doi.org/10.1111/j.1440-1819.2009.01925.x
Cistulli, P. A., Palmisano, R. G., & Poole, M. D. (1998). Treatment of obstructive sleep apnea
syndrome by rapid maxillary expansion. Sleep. https://doi.org/10.1093/sleep/21.8.831
Cistulli, P. A., Richards, G. N., Palmisano, R. G., Unger, G., Berthon-Jones, M., & Sullivan, C.
E. (1996). Influence of maxillary constriction on nasal resistance and sleep apnea severity in
patients with Marfan’s syndrome. Chest. https://doi.org/10.1378/chest.110.5.1184
Dempsey, J. A., Skatrud, J. B., Jacques, A. J., Ewanowski, S. J., Woodson, B. T., Hanson, P. R.,
& Goodman, B. (2002). Anatomic determinants of sleep-disordered breathing across the
spectrum of clinical and nonclinical male subjects. Chest.
https://doi.org/10.1378/chest.122.3.840
Dempsey, J. A., Veasey, S. C., Morgan, B. J., & O’Donnell, C. P. (2010). Pathophysiology of
sleep apnea. Physiological Reviews. https://doi.org/10.1152/physrev.00043.2008
Dixon, J. B., Dixon, M. E., Anderson, M. L., Schachter, L., & O’Brien, P. E. (2007). Daytime
sleepiness in the obese: Not as simple as obstructive sleep apnea. Obesity.
https://doi.org/10.1038/oby.2007.297
Doi, Y., & Minowa, M. (2003). Gender differences in excessive daytime sleepiness among
Japanese workers. Social Science and Medicine. https://doi.org/10.1016/S02779536(02)00089-8
Edwards, B. A., & White, D. P. (2011). Control of the pharyngeal musculature during
wakefulness and sleep: Implications in normal controls and sleep apnea. Head and Neck.
https://doi.org/10.1002/hed.21841
63

El, H., & Palomo, J. M. (2010). Measuring the airway in 3 dimensions: A reliability and
accuracy study. American Journal of Orthodontics and Dentofacial Orthopedics.
https://doi.org/10.1016/j.ajodo.2009.11.010
Epstein, L. J., Kristo, D., Strollo, P. J., Friedman, N., Malhotra, A., Patil, S. P., … Weinstein, M.
D. (2009). Clinical guideline for the evaluation, management and long-term care of
obstructive sleep apnea in adults. Journal of Clinical Sleep Medicine.
https://doi.org/10.5664/jcsm.27497
Fatani, A., Al-Rouqi, K., Al Towairky, J., Ahmed, A. E., Al-Jahdali, S., Ali, Y., … Al-Jahdali,
H. (2015). Effect of age and gender in the prevalence of excessive daytime sleepiness
among a sample of the Saudi population. Journal of Epidemiology and Global Health.
https://doi.org/10.1016/j.jegh.2015.05.005
FC, V., LV, T., SE, M., MA, M., AM, E., & WT, A.-L. (2003). Muscular, functional and
orthodontic changes in pre school children with enlarged adenoids and tonsils. International
Journal of Pediatric Otorhinolaryngology.
Ferguson, K. A., Cartwright, R., Rogers, R., & Schmidt-Nowara, W. (2006). Oral appliances for
snoring and obstructive sleep apnea: A review. Sleep. https://doi.org/10.1093/sleep/29.2.244
Ferguson, K. A., Ono, T., Lowe, A. A., Ryan, C. F., & Fleetham, J. A. (1995). The relationship
between obesity and craniofacial structure in obstructive sleep apnea. Chest.
https://doi.org/10.1378/chest.108.2.375
Fernandez-Mendoza, J., & Calhoun, S. L. (2015). Excessive Daytime Sleepiness: Age, Sleep,
Mood, and Metabolic Modulation. In Modulation of Sleep by Obesity, Diabetes, Age, and
Diet. https://doi.org/10.1016/B978-0-12-420168-2.00021-1
Ferrario, V. F., Sforza, C., Colombo, A., Tartaglia, G. M., Carvajal, R., & Palomino, H. (2000).
The effect of ethnicity and age on palatal size and shape: a study in a northern Chilean
healthy population. The International Journal of Adult Orthodontics and Orthognathic
Surgery.
Flemons, W. W., Buysse, D., Redline, S., Oack, A., Strohl, K., Wheatley, J., … Romaniuk, J.
(1999). Sleep-related breathing disorders in adults: Recommendations for syndrome
definition and measurement techniques in clinical research. Sleep.
https://doi.org/10.1093/sleep/22.5.667
Fogel, R. B., Trinder, J., Malhotra, A., Stanchina, M., Edwards, J. K., Schory, K. E., & White, D.
P. (2003). Within-breath control of genioglossal muscle activation in humans: Effect of
sleep-wake state. Journal of Physiology. https://doi.org/10.1113/jphysiol.2003.038810
Fogel, R. B., Trinder, J., White, D. P., Malhotra, A., Raneri, J., Schory, K., … Pierce, R. J.
(2005). The effect of sleep onset on upper airway muscle activity in patients with sleep
apnoea versus controls. Journal of Physiology.
https://doi.org/10.1113/jphysiol.2005.083659

64

Franklin, K. A., & Lindberg, E. (2015). Obstructive sleep apnea is a common disorder in the
population-A review on the epidemiology of sleep apnea. Journal of Thoracic Disease.
https://doi.org/10.3978/j.issn.2072-1439.2015.06.11
Freedman, N. (2014). Improvements in current treatments and emerging therapies for adult
obstructive sleep apnea. F1000Prime Reports. https://doi.org/10.12703/P6-36
Freedman, N. S. (2007). Determinants and Measurements of Daytime Sleepiness. In Primary
Care Sleep Medicine. https://doi.org/10.1007/978-1-59745-421-6_6
Gay, P., Weaver, T., Loube, D., & Iber, C. (2006). Evaluation of Positive Airway Pressure
Treatment for Sleep Related Breathing Disorders in Adults. Sleep.
https://doi.org/10.1093/sleep/29.3.381
Ghoneima, A., & Kula, K. (2013). Accuracy and reliability of cone-beam computed tomography
for airway volume analysis. European Journal of Orthodontics.
https://doi.org/10.1093/ejo/cjr099
Gibson, E. S., Powles, A. C. P., Thabane, L., O’Brien, S., Molnar, D. S., Trajanovic, N., …
Chilcott-Tanser, L. (2006). “Sleepiness” is serious in adolescence: Two surveys of 3235
Canadian students. BMC Public Health. https://doi.org/10.1186/1471-2458-6-116
Gleeson, K., Zwillich, C. W., & White, D. P. (1990). The influence of increasing ventilatory
effort on arousal from sleep. American Review of Respiratory Disease.
https://doi.org/10.1164/ajrccm/142.2.295
Gross, A. M., Kellum, G. D., Michas, C., Franz, D., Foster, M., Walker, M., & Bishop, F. W.
(1994). Open-mouth posture and maxillary arch width in young children: A three-year
evaluation. American Journal of Orthodontics and Dentofacial Orthopedics.
https://doi.org/10.1016/S0889-5406(94)70089-3
Grunstein, R. R., & Banerjee, D. (2007). The case of “Judge Nodd” and other sleeping judges Media, society, and judicial sleepiness. Sleep. https://doi.org/10.1093/sleep/30.5.625
Guilleminault, C., Partinen, M., Hollman, K., Powell, N., & Stoohs, R. (1995). Familial
aggregates in obstructive sleep apnea syndrome. Chest.
https://doi.org/10.1378/chest.107.6.1545
Guilleminault, C., Partinen, M., Quera-Salva, M. A., Hayes, B., Dement, W. C., & Nino-Murcia,
G. (1988). Determinants of daytime sleepiness in obstructive sleep apnea. Chest.
https://doi.org/10.1378/chest.94.1.32
Hagell, P., & Broman, J. E. (2007). Measurement properties and hierarchical item structure of
the Epworth sleepiness scale in Parkinson’s disease. Journal of Sleep Research.
https://doi.org/10.1111/j.1365-2869.2007.00570.x

65

Handler, E., Hamans, E., Goldberg, A. N., & Mickelson, S. (2014). Tongue suspension: An
evidence-based review and comparison to hypopharyngeal surgery for OSA. Laryngoscope.
https://doi.org/10.1002/lary.24187
Hardinge, F. M., Pitson, D. J., & Stradling, J. R. (1995). Use of the Epworth Sleepiness Scale to
demonstrate response to treatment with nasal continuous positive airways pressure in
patients with obstructive sleep apnoea. Respiratory Medicine. https://doi.org/10.1016/09546111(95)90230-9
Hayes, A. L., Spilsbury, J. C., & Patel, S. R. (2009). The Epworth score in African American
populations. Journal of Clinical Sleep Medicine. https://doi.org/10.5664/jcsm.27545
Holty, J. E. C., & Guilleminault, C. (2010). Surgical Options for the Treatment of Obstructive
Sleep Apnea. Medical Clinics of North America.
https://doi.org/10.1016/j.mcna.2010.02.001
Horner, R. L., Mohiaddin, R. H., Lowell, D. G., Shea, S. A., Burman, E. D., Longmore, D. B., &
Guz, A. (1989). Sites and sizes of fat deposits around the pharynx in obese patients with
obstructive sleep apnoea and weight matched controls. European Respiratory Journal.
Iber, C., Ancoli-Israel, S., Chesson, A., & Quan, S. F. (2007). The AASM Manual for the
Scoring of Sleep and Associated Events: Rules, Terminology and Technical Specification.
Journal of Clinical Sleep Medicine.
Isono, S., Morrison, D. L., Launois, S. H., Feroah, T. R., Whitelaw, W. A., & Remmers, J. E.
(1993). Static mechanics of the velopharynx of patients with obstructive sleep apnea.
Journal of Applied Physiology. https://doi.org/10.1152/jappl.1993.75.1.148
Izci, B., Ardic, S., Firat, H., Sahin, A., Altinors, M., & Karacan, I. (2008). Reliability and
validity studies of the Turkish version of the Epworth Sleepiness Scale. Sleep and
Breathing. https://doi.org/10.1007/s11325-007-0145-7
Johal, A., & Conaghan, C. (2004). Maxillary morphology in obstructive sleep apnea: A
cephalometric and model study. Angle Orthodontist. https://doi.org/10.1043/00033219(2004)074<0648:MMIOSA>2.0.CO;2
Johns, M. W. (1991). A new method for measuring daytime sleepiness: The Epworth sleepiness
scale. Sleep. https://doi.org/10.1093/sleep/14.6.540
Johns, M. W. (1992). Reliability and factor analysis of the Epworth Sleepiness Scale. Sleep.
https://doi.org/10.1093/sleep/15.4.376
Johns, M. W. (1994). Sleepiness in Different Situations Measured by the Epworth Sleepiness
Scale. Sleep. https://doi.org/10.1093/sleep/17.8.703
Johnson EO. (2000) Sleep in America: 2000. Results from the National Sleep Foundation’s 2000
Omnibus sleep poll. Washington, DC: The National Sleep Foundation; 2000.

66

http://www.sleepfoundation.org/atf/cf/{F6BF2668-A1B4-4FE8-8D1AA5D39340D9CB}/2000_poll.pdf.
Johnston, C. D., & Richardson, A. (1999). Cephalometric changes in adult pharyngeal
morphology. European Journal of Orthodontics. https://doi.org/10.1093/ejo/21.4.357
Jordan, A. S., Wellman, A., Heinzer, R. C., Lo, Y. L., Schory, K., Dover, L., … White, D. P.
(2007). Mechanisms used to restore ventilation after partial upper airway collapse during
sleep in humans. Thorax. https://doi.org/10.1136/thx.2006.070300
Kapur, V. K. (2010). Obstructive sleep apnea: Diagnosis, epidemiology, and economics.
Respiratory Care.
Kecik, D. (2017). Three-dimensional analyses of palatal morphology and its relation to upper
airway area in obstructive sleep apnea. Angle Orthodontist. https://doi.org/10.2319/051116377.1
Kellum, G. D., Gross, A. M., Walker, M., Foster, M., Franz, D., Michas, C., & Bishop, F. W.
(1993). Open mouth posture and cross-sectional nasal area in young children. The
International Journal of Orofacial Myology : Official Publication of the International
Association of Orofacial Myology.
Kezirian, E. J., Boudewyns, A., Eisele, D. W., Schwartz, A. R., Smith, P. L., Van de Heyning, P.
H., & De Backer, W. A. (2010). Electrical stimulation of the hypoglossal nerve in the
treatment of obstructive sleep apnea. Sleep Medicine Reviews.
https://doi.org/10.1016/j.smrv.2009.10.009
Kiliç, N., & Oktay, H. (2008). Effects of rapid maxillary expansion on nasal breathing and some
naso-respiratory and breathing problems in growing children: A literature review.
International Journal of Pediatric Otorhinolaryngology.
https://doi.org/10.1016/j.ijporl.2008.07.014
Kuna, S. T., Bedi, D. G., & Ryckman, C. (1988). Effect of nasal airway positive pressure on
upper airway size and configuration. American Review of Respiratory Disease.
https://doi.org/10.1164/ajrccm/138.4.969
Kushida, C. a, Littner, M. R., Morgenthaler, T., Alessi, C. a, Bailey, D., Coleman, J., … Wise,
M. (2005). Practice parameters for the indications for polysomnography and related
procedures: an update for 2005. Sleep (Rochester).
Kushida, C. A., Littner, M. R., Hirshkowitz, M., Morgenthaler, T. I., Alessi, C. A., Bailey, D., …
Wise, M. S. (2006). Practice parameters for the use of continuous and bilevel positive
airway pressure devices to treat adult patients with sleep-related breathing disorders. Sleep.
https://doi.org/10.1093/sleep/29.3.375
Kushida, C. A., Morgenthaler, T. I., Littner, M. R., Alessi, C. A., Bailey, D., Coleman, J., …
Pancer, J. P. (2006). Practice parameters for the treatment of snoring and obstructive sleep

67

apnea with oral appliances: An update for 2005. Sleep.
https://doi.org/10.1093/sleep/29.2.240
Kyzer, S., & Charuzi, I. (1998). Obstructive sleep apnea in the obese. World Journal of Surgery.
https://doi.org/10.1007/s002689900506
Lam, B., Lam, D. C. L., & Ip, M. S. M. (2007). Obstructive sleep apnoea in Asia. International
Journal of Tuberculosis and Lung Disease.
Lattimore, J. D. L., Celermajer, D. S., & Wilcox, I. (2003). Obstructive sleep apnea and
cardiovascular disease. Journal of the American College of Cardiology.
https://doi.org/10.1016/S0735-1097(03)00184-0
Liu, S. Y. C., Guilleminault, C., Huon, L. K., & Yoon, A. (2017). Distraction Osteogenesis
Maxillary Expansion (DOME) for Adult Obstructive Sleep Apnea Patients with High
Arched Palate. Otolaryngology - Head and Neck Surgery (United States).
https://doi.org/10.1177/0194599817707168
Lojander, J., Maasilta, P., Partinen, M., Brander, P. E., Salmi, T., & Lehtonen, H. (1996). NasalCPAP, surgery, and conservative management for treatment of obstructive sleep apnea
syndrome: A randomized study. Chest. https://doi.org/10.1378/chest.110.1.114
Lopatiene, K., & Babarskas, A. (2002). Malocclusion and upper airway obstruction. Medicina
(Kaunas, Lithuania).
Lowe, A. A., Ono, T., Ferguson, K. A., Pae, E. K., Ryan, C. F., & Fleetham, J. A. (1996).
Cephalometric comparisons of craniofacial and upper airway structure by skeletal subtype
and gender in patients with obstructive sleep apnea. American Journal of Orthodontics and
Dentofacial Orthopedics : Official Publication of the American Association of
Orthodontists, Its Constituent Societies, and the American Board of Orthodontics.
https://doi.org/10.1016/S0889-5406(96)80043-6
Manni, R., Politini, L., Ratti, M. T., & Tartara, A. (1999, December). Sleepiness in obstructive
sleep apnea syndrome and simple snoring evaluated by the Epworth Sleepiness Scale.
Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/10646173
Martin, O., Muelas, L., & Viñas, M. J. (2006). Nasopharyngeal cephalometric study of ideal
occlusions. American Journal of Orthodontics and Dentofacial Orthopedics.
https://doi.org/10.1016/j.ajodo.2006.03.022
Martin, S. E., Mathur, R., Marshall, I., & Douglas, N. J. (1997). The effect of age, sex, obesity
and posture on upper airway size. European Respiratory Journal.
https://doi.org/10.1183/09031936.97.10092087
Masa, J. F., Rubio, M., Findley, L. J., Palomo, L., Sojo, A., Sanchez de Cos, J., … Fuentes, F.
(2000). Habitually sleepy drivers have a high frequency of automobile crashes associated
with respiratory disorders during sleep. American Journal of Respiratory and Critical Care
Medicine. https://doi.org/10.1164/ajrccm.162.4.9907019
68

Mayer, P., Pépin, J. L., Bettega, G., Veale, D., Ferretti, G., Deschaux, C., & Lévy, P. (1996).
Relationship between body mass index, age and upper airway measurements in snorers and
sleep apnoea patients. European Respiratory Journal.
https://doi.org/10.1183/09031936.96.09091801
McCrillis, J. M., Haskell, J., Haskell, B. S., Brammer, M., Chenin, D., Scarfe, W. C., & Farman,
A. G. (2009). Obstructive Sleep Apnea and the Use of Cone Beam Computed Tomography
in Airway Imaging: A Review. Seminars in Orthodontics.
https://doi.org/10.1053/j.sodo.2008.09.008
McNamara, J. A. (1981). Influence of respiratory pattern on craniofacial growth. Angle
Orthodontist. https://doi.org/10.1043/0003-3219(1981)051<0269:IORPOC>2.0.CO;2
McNamara, J. A. (2000). Maxillary transverse deficiency. American Journal of Orthodontics and
Dentofacial Orthopedics : Official Publication of the American Association of
Orthodontists, Its Constituent Societies, and the American Board of Orthodontics.
https://doi.org/10.1016/S0889-5406(00)70202-2
McNicholas, W. T., & Bonsignore, M. R. (2007). Sleep apnoea as an independent risk for
cardiovascular disease: Current evidence, basic mechanisms and research priorities.
European Respiratory Journal. https://doi.org/10.1183/09031936.00027406
Mei, L. W., Sandham, A., Poh, K. A., Dai, C. W., Wan, C. T., & Huggare, J. (2005).
Craniofacial morphology, head posture, and nasal respiratory resistance in obstructive sleep
apnoea: An inter-ethnic comparison. European Journal of Orthodontics.
https://doi.org/10.1093/ejo/cjh077
Mezzanotte, W. S., Tangel, D. J., & White, D. P. (1992). Waking genioglossal electromyogram
in sleep apnea patients versus normal controls (a neuromuscular compensatory mechanism).
Journal of Clinical Investigation. https://doi.org/10.1172/JCI115751
Mihǎicuţǎ, Ş., Ardelean, C., Ursoniu, S., & Frenţ, Ş. (2013). Excessive daytime somnolence as a
predictor for sleep apnea syndrome - A multivariate analysis. Journal of Cognitive and
Behavioral Psychotherapies.
Mohsenin, V. (2001). Gender differences in the expression of sleep-disordered breathing: Role
of upper airway dimensions. Chest. https://doi.org/10.1378/chest.120.5.1442
Molfenter, S. M., Amin, M. R., Branski, R. C., Brumm, J. D., Hagiwara, M., Roof, S. A., &
Lazarus, C. L. (2015). Age-Related Changes in Pharyngeal Lumen Size: A Retrospective
MRI Analysis. Dysphagia. https://doi.org/10.1007/s00455-015-9602-9
Morgenthaler, T. I., Kapen, S., Lee-Chiong, T., Alessi, C., Boehlecke, B., Brown, T., …
American Academy of Sleep Medicine. (2006). Practice parameters for the medical therapy
of obstructive sleep apnea. Sleep.
Moss, M. L., & Salentijn, L. (1969). The primary role of functional matrices in facial growth.
American Journal of Orthodontics. https://doi.org/10.1016/0002-9416(69)90034-7
69

Mozzo, P., Procacci, C., Tacconi, A., Tinazzi Martini, P., & Bergamo Andreis, I. A. (1998). A
new volumetric CT machine for dental imaging based on the cone-beam technique:
Preliminary results. European Radiology. https://doi.org/10.1007/s003300050586
National Sleep Foundation. (2007) State of the states report on drowsy driving. Retrieved
from https://www.sleepfoundation.org/professionals/drowsy-driving
Neeley, W. W., Edgin, W. A., & Gonzales, D. A. (2007). A Review of the Effects of Expansion
of the Nasal Base on Nasal Airflow and Resistance. Journal of Oral and Maxillofacial
Surgery. https://doi.org/10.1016/j.joms.2006.06.295
Ogawa, T., Enciso, R., Shintaku, W. H., & Clark, G. T. (2007). Evaluation of cross-section
airway configuration of obstructive sleep apnea. Oral Surgery, Oral Medicine, Oral
Pathology, Oral Radiology, and Endodontics. https://doi.org/10.1016/j.tripleo.2006.06.008
Olson, E. J., Moore, W. R., Morgenthaler, T. I., Gay, P. C., & Staats, B. A. (2003). Obstructive
Sleep Apnea-Hypopnea Syndrome. Mayo Clinic Proceedings.
https://doi.org/10.4065/78.12.1545
Olson, E. J., Park, J. G., & Morgenthaler, T. I. (2005). Obstructive sleep apnea-hypopnea
syndrome. Primary Care - Clinics in Office Practice.
https://doi.org/10.1016/j.pop.2005.02.007
Padma, A., Ramakrishnan, N., & Narayanan, V. (2007). Management of obstructive sleep apnea:
A dental perspective. Indian Journal of Dental Research. https://doi.org/10.4103/09709290.35833
Pagel, J. F., Forister, N., & Kwiatkowki, C. (2007). Adolescent sleep disturbance and school
performance: The confounding variable of socio economics. Journal of Clinical Sleep
Medicine.
Parkes, J. D., Chen, S. Y., Clift, S. J., Dahlitz, M. J., & Dunn, G. (1998). The clinical diagnosis
of the narcoleptic syndrome. Journal of Sleep Research. https://doi.org/10.1046/j.13652869.1998.00093.x
Partinen, M., Kaprio, J., Heikkila, K., & Sarna, S. (1987). Snoring as a risk factor for ischaemic
heart disease and stroke in men. British Medical Journal (Clinical Research Ed.).
https://doi.org/10.1136/bmj.294.6563.16
Patel, S. R., Frame, J. M., Larkin, E. K., & Redline, S. (2008). Heritability of upper airway
dimensions derived using acoustic pharyngometry. European Respiratory Journal.
https://doi.org/10.1183/09031936.00029808
Patil, S. P., Schneider, H., Marx, J. J., Gladmon, E., Schwartz, A. R., & Smith, P. L. (2007).
Neuromechanical control of upper airway patency during sleep. Journal of Applied
Physiology. https://doi.org/10.1152/japplphysiol.00282.2006

70

Peppard, P. E., Young, T., Barnet, J. H., Palta, M., Hagen, E. W., & Hla, K. M. (2013). Increased
prevalence of sleep-disordered breathing in adults. American Journal of Epidemiology.
https://doi.org/10.1093/aje/kws342
Pereira, S. R. A., Bakor, S. F., & Weckx, L. L. M. (2011). Adenotonsillectomy in facial growing
patients: Spontaneous dental effects. Brazilian Journal of Otorhinolaryngology.
https://doi.org/10.1590/S1808-86942011000500011
Pevernagie, D. A., Stanson, A. W., Sheedy, P. F., Daniels, B. K., & Shepard, J. W. (1995).
Effects of body position on the upper airway of patients with obstructive sleep apnea.
American Journal of Respiratory and Critical Care Medicine.
https://doi.org/10.1164/ajrccm.152.1.7599821
Principato, J. J. (1991). Upper airway obstruction and craniofacial morphology. Otolaryngology Head and Neck Surgery. https://doi.org/10.1177/019459989110400621
Prinsell, J. R. (2002). Maxillomandibular advancement surgery for obstructive sleep apnea
syndrome. Journal of the American Dental Association.
https://doi.org/10.14219/jada.archive.2002.0079
Punjabi, N. M. (2008). The epidemiology of adult obstructive sleep apnea. Proceedings of the
American Thoracic Society. https://doi.org/10.1513/pats.200709-155MG
Randerath, W. J., Verbraecken, J., Andreas, S., Bettega, G., Boudewyns, A., Hamans, E., …
Fietze, I. (2011). Non-CPAP therapies in obstructive sleep apnoea. European Respiratory
Journal. https://doi.org/10.1183/09031936.00099710
Redline, S., Tishler, P. V., Hans, M. G., Tosteson, T. D., Strohl, K. P., & Spry, K. (1997). Racial
differences in sleep-disordered breathing in African-Americans and Caucasians. American
Journal of Respiratory and Critical Care Medicine.
https://doi.org/10.1164/ajrccm.155.1.9001310
Redline, S., Kump, K., Tishler, P. V., Browner, I., & Ferrette, V. (1994). Gender differences in
sleep disordered breathing in a community-based sample. American Journal of Respiratory
and Critical Care Medicine. https://doi.org/10.1164/ajrccm.149.3.8118642
Rivlin, J., Hoffstein, V., Kalbfleisch, J., McNicholas, W., Zamel, N., & Bryan, A. C. (1984).
Upper airway morphology in patients with idiopathic obstructive sleep apnea. American
Review of Respiratory Disease. https://doi.org/10.1097/00132586-198502000-00041
Ronen, O., Malhotra, A., & Pillar, G. (2007). Influence of gender and age on upper-airway
length during development. Pediatrics. https://doi.org/10.1542/peds.2006-3433
Sadeghianrizi, A., Forsberg, C. M., Marcus, C., & Dahllöf, G. (2005). Craniofacial development
in obese adolescents. European Journal of Orthodontics. https://doi.org/10.1093/ejo/cji048

71

Sanford, S. D., Lichstein, K. L., Durrence, H. H., Riedel, B. W., Taylor, D. J., & Bush, A. J.
(2006). The influence of age, gender, ethnicity, and insomnia on Epworth sleepiness scores:
A normative US population. Sleep Medicine. https://doi.org/10.1016/j.sleep.2006.01.010
Sateia, M. J. (2014). International classification of sleep disorders-third edition highlights and
modifications. Chest. https://doi.org/10.1378/chest.14-0970
Schlenker, W. L., Jennings, B. D., Jeiroudi, M. T., & Caruso, J. M. (2000). The effects of
chronic absence of active nasal respiration on the growth of the skull: A pilot study.
American Journal of Orthodontics and Dentofacial Orthopedics : Official Publication of the
American Association of Orthodontists, Its Constituent Societies, and the American Board
of Orthodontics. https://doi.org/10.1016/S0889-5406(00)70180-6
Schwab, R. J., Gefter, W. B., Hoffman, E. A., Gupta, K. B., & Pack, A. I. (1993). Dynamic
upper airway imaging during awake respiration in normal subjects and patients with sleep
disordered breathing. American Review of Respiratory Disease.
https://doi.org/10.1164/ajrccm/148.5.1385
Schwab, R. J., Pasirstein, M., Pierson, R., Mackley, A., Hachadoorian, R., Arens, R., … Pack, A.
I. (2003). Identification of upper airway anatomic risk factors for obstructive sleep apnea
with volumetric magnetic resonance imaging. American Journal of Respiratory and Critical
Care Medicine. https://doi.org/10.1164/rccm.200208-866OC
Seto, B. H., Gotsopoulos, H., Sims, M. R., & Cistulli, P. A. (2001). Maxillary morphology in
obstructive sleep apnoea syndrome. European Journal of Orthodontics.
https://doi.org/10.1093/ejo/23.6.703
Sforza, E., De Saint Hilaire, Z., Pelissolo, A., Rochat, T., & Ibanez, V. (2002). Personality,
anxiety and mood traits in patients with sleep-related breathing disorders: Effect of reduced
daytime alertness. Sleep Medicine. https://doi.org/10.1016/S1389-9457(01)00128-9
Sforza, E., Petiau, C., Weiss, T., Thibault, A., & Krieger, J. (1999). Pharyngeal critical pressure
in patients with obstructive sleep apnea syndrome: Clinical implications. American Journal
of Respiratory and Critical Care Medicine. https://doi.org/10.1164/ajrccm.159.1.9804140
Shanker, S., Vig, K. W., Beck, F. M., Allgair, E., & Vig, P. S. (1999). Dentofacial morphology
and upper respiratory function in 8-10-year-old children. Clinical Orthodontics and
Research. https://doi.org/10.1111/ocr.1999.2.1.19
Sharma, S. K., & Ahluwalia, G. (2010). Epidemiology of adult obstructive sleep apnoea
syndrome in India. Indian Journal of Medical Research.
Shepard, J. W., Garrison, M., & Vas, W. (1990). Upper airway distensibility and collapsibility in
patients with obstructive sleep apnea. Chest. https://doi.org/10.1378/chest.98.1.84
Smith, S. S., Oei, T. P. S., Douglas, J. A., Brown, I., Jorgensen, G., & Andrews, J. (2008).
Confirmatory factor analysis of the Epworth Sleepiness Scale (ESS) in patients with
obstructive sleep apnoea. Sleep Medicine. https://doi.org/10.1016/j.sleep.2007.08.004
72

Spicuzza, L., Leonardi, S., & La Rosa, M. (2009). Pediatric sleep apnea: Early onset of the
“syndrome”? Sleep Medicine Reviews. https://doi.org/10.1016/j.smrv.2008.07.001
Stadler, D. L., McEvoy, R. D., Bradley, J., Paul, D., & Catcheside, P. G. (2010). Changes in lung
volume and diaphragm muscle activity at sleep onset in obese obstructive sleep apnea
patients vs. healthy-weight controls. Journal of Applied Physiology.
https://doi.org/10.1152/japplphysiol.01397.2009
Stadler, D. L., McEvoy, R. D., Sprecher, K. E., Thomson, K. J., Ryan, M. K., Thompson, C. C.,
& Catcheside, P. G. (2009). Abdominal compression increases upper airway collapsibility
during sleep in obese male obstructive sleep apnea patients. Sleep.
https://doi.org/10.1093/sleep/32.12.1579
Strohl, K. P., Fouke, J. M., & Teeter, J. P. (1984). Dilating forces on the upper airway of
anesthetized dogs. Federation Proceedings.
Sukovic, P. (2003). Cone beam computed tomography in craniofacial imaging. Orthodontics and
Craniofacial Research. https://doi.org/10.1034/j.1600-0544.2003.259.x
Sullivan, C. E., Berthon-Jones, M., Issa, F. G., & Eves, L. (1981). Reversal of obstructive sleep
apnoea by continuous positive airway pressure applied through the nares. The Lancet.
https://doi.org/10.1016/S0140-6736(81)92140-1
Sutherland, K., Lee, R. W. W., & Cistulli, P. A. (2012). Obesity and craniofacial structure as risk
factors for obstructive sleep apnoea: Impact of ethnicity. Respirology.
https://doi.org/10.1111/j.1440-1843.2011.02082.x
Sutherland, K., Lee, R. W. W., Phillips, C. L., Dungan, G., Yee, B. J., Magnussen, J. S.,
Grunstein, R. R., & Cistulli, P. A. (2011). Effect of weight loss on upper airway size and
facial fat in men with obstructive sleep apnoea. Thorax.
https://doi.org/10.1136/thx.2010.151613
V, D., Perula M, C. de L., B, B., A, V., C, P., & G, W. (2017). Are Sleep Disordered
Breathing Symptoms and Maxillary Expansion Correlated? A Prospective Evaluation
Study. Journal of Sleep Disorders: Treatment and Care. https://doi.org/10.4172/23259639.1000186
van der Heide, A., van Schie, M. K. M., Lammers, G. J., Dauvilliers, Y., Arnulf, I., Mayer, G.,
… van Dijk, J. G. (2015). Comparing Treatment Effect Measurements in Narcolepsy: The
Sustained Attention to Response Task, Epworth Sleepiness Scale and Maintenance of
Wakefulness Test. Sleep. https://doi.org/10.5665/sleep.4810
Verse, T., & Hörmann, K. (2011). The Surgical Treatment of Sleep-Related Upper Airway
Obstruction. Deutsches Aerzteblatt Online. https://doi.org/10.3238/arztebl.2010.0216
Veys, B., Pottel, L., Mollemans, W., Abeloos, J., Swennen, G., & Neyt, N. (2017). Threedimensional volumetric changes in the upper airway after maxillomandibular advancement

73

in obstructive sleep apnoea patients and the impact on quality of life. International Journal
of Oral and Maxillofacial Surgery. https://doi.org/10.1016/j.ijom.2017.06.020
Vinha, P. P., Eckeli, A. L., Faria, A. C., Xavier, S. P., & de Mello-Filho, F. V. (2016). Effects of
surgically assisted rapid maxillary expansion on obstructive sleep apnea and daytime
sleepiness. Sleep and Breathing. https://doi.org/10.1007/s11325-015-1214-y
Watanabe, T., Isono, S., Tanaka, A., Tanzawa, H., & Nishino, T. (2002). Contribution of body
habitus and craniofacial characteristics to segmental closing pressures of the passive
pharynx in patients with sleep-disordered breathing. American Journal of Respiratory and
Critical Care Medicine. https://doi.org/10.1164/ajrccm.165.2.2009032
Weaver, T. E., & Grunstein, R. R. (2008). Adherence to continuous positive airway pressure
therapy: The challenge to effective treatment. Proceedings of the American Thoracic
Society. https://doi.org/10.1513/pats.200708-119MG
Wheatley, J. R., Tangel, D. J., Mezzanotte, W. S., & White, D. P. (1993). Influence of sleep on
response to negative airway pressure of tensor palatini muscle and retropalatal airway.
Journal of Applied Physiology. https://doi.org/10.1152/jappl.1993.75.5.2117
White, D. P. (2005). Pathogenesis of obstructive and central sleep apnea. American Journal of
Respiratory and Critical Care Medicine. https://doi.org/10.1164/rccm.200412-1631SO
WHO (World Health Organization). (2013). WHO obesity and overweight fact sheet no 311.
Obesity and Overweight Fact Sheet.
Worsnop, C., Kay, A., Pierce, R., Kim, Y., & Trinder, J. (1998). Activity of respiratory pump
and upper airway muscles during sleep onset. Journal of Applied Physiology.
https://doi.org/10.1152/jappl.1998.85.3.908
Xu, L., Keenan, B. T., Wiemken, A. S., Chi, L., Staley, B., Wang, Z., Wang, J., Benedikstdottir,
B., Juliusson, S., Pack, A. I., Gislason, T., & Schwab, R. J. (2019). Differences in ThreeDimensional Upper Airway Anatomy between Asian and European Patients with
Obstructive Sleep Apnea. Sleep. https://doi.org/10.1093/sleep/zsz273
Young, T., Evans, L., Finn, L., & Palta, M. (1997). Estimation of the clinically diagnosed
proportion of sleep apnea syndrome in middle-aged men and women. Sleep.
https://doi.org/10.1093/sleep/20.9.705
Young, T., Palta, M., Dempsey, J., Peppard, P. E., Nieto, F. J., & Hla, K. M. (2009). Burden of
sleep apnea: Rationale, design, and major findings of the Wisconsin sleep cohort study.
Wisconsin Medical Journal.
Young, T., Palta, M., Dempsey, J., Skatrud, J., Weber, S., & Badr, S. (1993). The Occurrence of
Sleep-Disordered Breathing among Middle-Aged Adults. New England Journal of
Medicine. https://doi.org/10.1056/NEJM199304293281704

74

Young, T., Peppard, P. E., & Gottlieb, D. J. (2002). Epidemiology of obstructive sleep apnea: A
population health perspective. American Journal of Respiratory and Critical Care
Medicine. https://doi.org/10.1164/rccm.2109080
Young, T., Shahar, E., Nieto, F. J., Redline, S., Newman, A. B., Gottlieb, D. J., Walsleben, J. A.,
Finn, L., Enright, P., & Samet, J. M. (2002). Predictors of sleep-disordered breathing in
community-dwelling adults: The Sleep Heart Health Study. Archives of Internal Medicine.
https://doi.org/10.1001/archinte.162.8.893
Young, T., Skatrud, J., & Peppard, P. E. (2004). Risk Factors for Obstructive Sleep Apnea in
Adults. Journal of the American Medical Association.
https://doi.org/10.1001/jama.291.16.2013
Zaghi, S., Holty, J. E. C., Certal, V., Abdullatif, J., Guilleminault, C., Powell, N. B., …
Camacho, M. (2016). Maxillomandibular advancement for treatment of obstructive sleep
apnea a meta-analysis. In JAMA Otolaryngology - Head and Neck Surgery.
https://doi.org/10.1001/jamaoto.2015.2678

75

Curriculum Vitae
Graduate College
University of Nevada, Las Vegas
Daniel Jarrett, D.M.D.
Email: djarrett1989@gmail.com
Education:
Gustavus Adolphus College
Bachelor of Arts, Chemistry, 2011
Midwestern University College of Dental Medicine – Illinois
Doctor of Dental Medicine, 2017
Thesis Title:
Analysis of Palatal and Upper Airway Dimensions in Patients with Excessive Daytime
Sleepiness: A Retrospective Cone-Beam Computed Tomography Study
Thesis Examination Committee:
Chairperson, Tanya Al-Talib, D.D.S., Ph.D., M.S.
Committee Member, Karl Kingsley, Ph.D. M.P.H.
Committee Member, Joshua Polanski, PhD.
Graduate Faculty Representative, Amei Amei, Ph.D.
Graduate Coordinator, Brian Chrzan, D.D.S., Ph.D.

76

